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PREFACE*, 


CnEinsntY  may  be  studied  from  two  whoHy  different  aspecte. 
la  Uw  first  place,  it  is  peculiarly  aa  experimental  science ;  and 
the  experimental  method  by  which  ita  facts  and  priuciiiles 
Imvc  been  developed  is  at  once  its  most  conspicuous  aud  ita 
most  attredive  feature.  Moreover,  it  is  this  very  feature  which 
renders  the  study  of  chemistry  such  an  important  ineaas  of 
education.  As  a  collection  of  valuable  fects,  chemistry  ha*  no 
greater  claims  to  be  included  in  a  course  of  libcml  culture  than 
many  other  branches  of  knowledge,  and  it  is  at  heat  a  very 
unfruitful  fiuld  for  the  exercise  of  tbe  memory.  But,  on  the 
other  hand,  there  is  no  study  wtiich  ia  better  adapted  to  cul- 
tivate the  ]>owcra  of  observation,  and  to  train  the  mind  in  the 
inductive  method  of  studying  nature.,  than  this.  Hence,  chem- 
istry should  alu-ays  be  approached  from  the  experimental  side, 
aud  its  facts  and  principles  should  be  directly  nasociau-d  with 
the  experimental  evidence  on  which  they  aiu  l>ii»cd  Indeed,  it 
is  not  possible  to  obtain  an  accumte  and  rcul  knowledge  of  theiie 
elements  of  tlie  science  except  at  tbe  labomlory  table,  or  where 
the  student  is  brought  directly  in  contact  with  the  facte  of 
nature.  Ilia  metliod  of  instruction  should  be  that  of  object 
teaching  from  the  first,  and  although  the  study  may  be  directed 
by  good  books,  like  Nichols's  Abrid^ent  of  Ktiot  and  Storer's 
Manual,  it  must  be  remembered  that  no  description  of  phe- 
nomena, however  vivid,  can  ever  produce  on  the  mind  the  im- 
prcssion  of  the  phenomena  themselves. 

In  the  seconid  place,  however,  the  science  of  chemistry  is  a 
philosophical  sj-slero,  by  wMch  the  observed  phenomena  and 
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empirical  principles  have  been  daaaified  an<I  oonelatcd;  and, 
after  tlie  siutlcnt  has  become  peraoiiaUy  ac<i»ainteil  with  the 
fundanieiital  tactA,  it  is  easential  for  an}*  fnrtlker  advancement 
ID  the  study  Uiat  he  should  compt«l>eud  this  system.  Urns 
alone  can  he  give  breadth  and  dignity  to  liis  knowledge,  and 
come  to  know  nature,  not  as  a  sum  of  certain  parts,  intt  as  a 
grand  and  related  whole.  Such  a  generalized  knowledge  of 
chemistry  this  book  turns  to  impart  It  presents  chemistry  as  a 
pbilosopUical  syotem,  and  it  deal^  with  the  facts  of  the  scieooe 
only  so  for  as  thvy  illiislnite  iJiU  syst«uL  It  is  not  intended  in 
any  respect  to  lake  tlw  place  of  hibonituiy  tcachin);,  bnt  solely 
to  supplemcut  it.  Xot  uuttl  the  student  has  W-cimo  familiar 
with  chviuicul  plieiiomeim.  at  least  to  somo  limiti'd  extent,  is 
he  preparotl  to  study  lite  sciatica  in  a.  systematic  vmy ;  but  all 
who  have  tliis  prvpanuion  will  acqnitQ  most  mpidly  a  geuetnl 
knowledge  of  the  whole  lield  when  tlio  subject  is  jiresented  in  a 
deductive  form.  The  author  has  had  especially  in  view  this 
class  of  stmlents,  and  baa  endeavored  to  meet  their  want& 

Part  I.  of  iho  book  contains  a  statement  of  the  general  htws 
and  tboories  of  ohemiKtry,  an  expluiation  of  its  iiomeuclature 
and  mode  ot  symbolical  notation,  together  with  so  much  of  the 
principles  of  mnU-cuLar  phytica  as  are  oonittaiitly  applied  iQ 
^emical  invcstigatiomt.  It  might  bo  lignrativcly  callud  a  }{Tam- 
mar  of  the  scivnco.  It  is  iiit«i>ded  to  be  atndied  indv]K-ndcuily, 
in  consecutive  lussons,  and  is  ndu])ted  for  clatis-rooin  recitations, 
which  should  he  acoompanied,  however,  by  wich  experiments 
or  furtlter  explauations  as  tbe  teacher  tn&y  find  necessary  to 
render  tho  subject  iutellt^ble. 

Tart  11.  of  Uio  hook  presents  the  acbenM  of  tl>e  cbsmicol 
elements.  It  sliouhl  only  tie  studied  in  connection  with  experi- 
mental lectures  or  laboratory  work,  and  will  be  found  cliiefly 
ttsefnl  for  systematizing  and  reviewing  the  phenomena  observed 
in  the  lecture-mom  or  laljorotory.  It  is  a  note-hook  which  not 
only  records  the  most  imifurlaut  facts,  but  also  oonnccts  them  in 
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eb  A  vny  Uiat  they  can  be  mast  naAUy  oomprefacnilpd  and 
guiberod.  fi'uiod  (Qualitative  aiid  QuatiliUtivft  Aual>*sis  form 
auoh  important  subjects  of  kbomtory^  teftchiDg,  il  bas  been 
made  a  special  point  to  illustrate  thoae  lelatioas  of  tbo  cliMiKiits, 
oft«n  aulwTilinate,  on  whicli  analytical  processeii  depend. 

The  value  of  problenia  as  means  of  culture  and  tests  of  attain* 
tnent  can  hanlly  be  ovoestiinated,  and  tbey  have  tberefoFO 
been  made  a  chief  feature  in  Uilb  book.  Since  lbii»e  here  given 
are  chielly  intended  as  guides  to  Uie  student,  the  answcre  liavo 
usually  been  added ;  and  where  the  method  was  not  obvious,  tho 
chief  steps  in  the  solution  have  been  given  as  well  Kvery 
teacher  will  be  able  Ut  multiply  problems  after  these  models  to 
suit  his  own  reqiuTements. 

The  ({uestjous  which  accompany  the  proUems  form  another 
easential  feature  in  the  plan  of  instmction  here  presented.  They 
are  iotAuded,  not  only  to  direct  the  student'x  attention  to  the 
most  iDil>ortiuil  points,  but  also  to  stimulate  tlwugbt  by  su-^est- 
ing  iufeiencM  to  wbicli  tbo  principles  etaUtd  legitimately  lead. 
These  questions,  moreover,  will  indicate  to  the  teacher  the  mou- 
QW  in  which  it  is  intruded  thul  llie  book  should  bo  studied. 

In  anungint;  (he  cli»pten  of  Part  U  the  only  aim  has  been 
to  pKSottb  the  tsovvml  subjects  tu  a  logical  sequence,  In  otb«r 
re6iiect»  tlio  order  adopted  Is  not  always  tbe  most  philosophical ; 
but  tho  Icaclier  can  of  coune  vaiy  the  order  at  pleasure.  So, 
also,  in  niigard  to  Part  II.,  the  teacher  may  prefer  to  take  up  tlie 
elements  in  bis  lect^tres  i»  a  different  order  from  that  in  whicli 
Uicy  are  there  clnasified ;  but  then  the  several  '*  Divisions"  may 
bo  studied  in  any  order  a  teacher  woold  be  likely  bo  adopts 
with  equal  adt'antaga 

In  revising  the  book  for  this  edition,  it  has  been  larg^ 
rewriltou,  —  to  such  an  extent  Uiat  it  is  in  many  rcspcctd  a 
new  book.  Several  subjects  liare  been  treated  in  a  novel 
way,  while  others,  which  have  been  clitefly  developed  during 
the  last  ten  yi-ais,  are  uov  presented  for  the  first  time;.    The 
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doctrine  of  special  type<i,  which  had  great  prominence  in  the 
acienoe  when  the  book  wm  first  written,  has  given  place  to 
the  more   general  coocepiioo  of  molecular  stractura.     The 
dtstdncticia  bctweoa  ailJads  and  pcriasRicb  is  no  longer  made 
a  fundamental  basts  of  classiRcAtiou,  and  more   prominenoai 
is  given  to  sc-iiul  rvlittions  »iid  the  Liw  of  periodicitj'. 
division  on  Organic  Chemistry  has  been  cntireljr  rewritten, 
on  a  plan  elaborated  by  rrofe«»or  C.  Loring  Jackson,  to  whom 
the  author  is  greatly  indebted  for  this  kind  assistunco.     Pro- 
feasoT  Jackson,  however,  is  not  responsible  for  the  form  of 
Statement  whidt  Uie  author  has  made  to  correspond  u-ith  the 
Test  of  the  work.    Among  other  recent  results  of  chemical  in-j 
veatigation,  the  new  methods  c^  determinii^  vnpor  density,  tlil 
principles  of  thermo-cbemistry,  the  tlieoiy  of  dissociation,  tl 
doctrine  of  specific  refractive  power,  the  specific  beat  of  ele- 
mentary atoms,  the  relations  of  molecular  volumes,  and  tbej 
principles  of  cltemical  classification,  are  all  described  in  Uietr' 
appropriate  placea    In  correcting  the  proof  of  this  edition,  the 
author  has  had  the  assistance  of  I*rofe3Sor  W.  R  Nichols,  of  thi 
Inatjtate  of  Technology,  who  has  mode  many  valuable  sug 
tions,  which  have  added  to  tbo  accuracy  and  completeness  of  thsl 
book,  and  he  would  hero  express  his  great  obligations  for  thi«:] 
most  friendly  service;. 
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PART  L 
CHAPTER    I. 

DJTEODUCnOS.  * 

1.  DBflnltlotu.  —  The  volume  of  a  body  is  the  space  it  fills, 
expressed  in  terms  of  an  assumed  unit  of  volume.  The  weight 
of  a  body,  as  the  word  is  used  in  chemistry  and  generally  in 
common  life,  is  the  amount  of  material  which  the  body  contains 
compared  frith  that  in  some  other  body  assumed  as  the  unit  of 
weight  The  specific  gravity  of  a  body  is  the  ratio  of  its  weight 
to  the  weight  of  an  equal  volume  of  some  substance  which  has 
been  selected  as  the  standard.  Solids  and  liquids  are  always 
compared  with  water  at  its  greatest  density,  which  is  at  4° 
centigrade,  and  hence  the  numbers  which  stand  for  their  specific 
gravities  express  how  many  times  heavier  they  are  than  an 
equal  volume  of  water  at  this  temperature.  Gases,  however, 
are  most  conveniently  compared  with  the  lightest  of  all  known 
forma  of  matter,  namely,  hydrogen,  and  in  this  book  the  number 
which  indicates  the  specific  gravity  of  a  gas  expresses  how  many 
times  heavier  it  is  than  an  equal  volume  of  hydrogen,  compared 
under  the  same  conditions  of  temperature  and  pressure. 

2.  TolTima  and  TTeisbt.  —  Alt  experimental  science  rests 
upon  accurate  measurements  of  these  fundamental  elements, 
and  it  is  therefore  very  important  that  there  should  be  a  general 
agreement  among  scientific  men  in  regard  to  them.    This  has 
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been  secured  b;  tlic  almost  anivetsal  adoption  of  th«  Frendi! 
system  of  measures  and  weights  in  all  scientific  investigations. 
The  details  of  this  sjrstem  an  given  in  Table  L.  and  they  re- 
quire no  further  explanation.  Ita  great  advantage  over  our 
ordinary  English  system  is  not  only  in  its  decimal  subdiTtsion, 
but  also  in  the  simple  relation  which  exiits  between  ttie  unit«j 
of  measure  and  of  weight  Since  the  unit  of  ■vni^t  is  the 
weight  of  the  nnit  volume  of  water,  and  since  the  specific 
gravity  of  wjiliJs  nnd  liquids  is  always  referred  to  water,  as  the 
standard,  it  is  always  true  in  this  s^'stem  that 
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If  tbo  Tolntne  is  given  in  cubic  centimetres,  the  weight  obtained 

is  in  gnimmvs ;  but  if  tlie  volume  is  given  in  cubic  deeimettei  i 

(i.  e.  litres),  tite  wciglit  is  found  in  kilogrammes.    In  this  formula^j 

Sp.  Or.  stands  for  the  specific  gravity  rvfened  to  water.     If  the 

specific  gmvity  is  referred  to  hydrogea,  as  in  tlie  case  of 

the  value  must  bo  reduced  to  the  wat«r  standatd  before  using  i 

in  tlie  fonnula.    The  reduction  is  cisily  made,  by  mnlliplyiug] 

by  O.OOOOSyfi,  a  fraction  which  is  simply  the  specific  gmvity  of^ 

hydrogen  itaetf  referred  to  water.     Using  Sp.  Gr.  to  rspresent 

tlie  specific  gtavity  of  a  gas  rcfened  to  hydrogen,  the  formula 

becomes 

IT  =  r  X  Sp.  Or.  X  0.0000896,  [3] 

and  may  then  be  used  in  all  calculations  connected  witli  the 
weight  and  volume  of  aeriform  bodies.  lu  such  calculations,  in 
order  to  avoid  the  long  decimal  fractious  wliich  the  use  of  tlie 
gramme  cntniU,  HofnwoR  )>aa  proposed  to  introduce  ini<'>  chem- 
istry  a  new  nnit  of  weight  which  be  calls  the  rrilh.  This  unti 
is  the  weight  of  one  cubic  decimetre  or  litre  of  h\'dn)gi;n  gas  : 
the  stwtdard  temperstuie  and  pressure,  and  is  eijual  to  0  OSENI^ 
gnunmo.  If  now  we  estimate  Die  weight  of  all  giiMs  in  erUM, 
and  let  W  rvprecent  this  weight,  while  W  repretenta  the  weight 
in  giummcs,  uad  V  the  volume  in  litnt,  we  shall  also  have 


W  B  T  X  Sp.  Gr.     uid      ir=  TV  X  0.O898, 


[3] 
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aad  all  problems  erf  this  kind  will  th«n  be  reduced  to  their 
simplest  Cenns. 

The  specific  gravity  of  gases  is  aUo  frequently  referred  to  dry 
air,  which  for  mtiiiy  reasons  is  a  convoiiieut  standard.  The 
weiglil  of  one  litn:  of  air  under  stsndurd  conditions  is  1.293187 
gmminvs.  Heucc,  rcpicsciitin*;  specific  gravity  referred  to  air 
\>J  Sf.  iSt.  vro  Lmvo 

Sp.Ot.:&p.et-=  1.3932  : 0.0896, 


or 


and 


^  Gr.  =  0t».  ©I.  X  U.42, 
Sp.  ©r.  =  Sp.  Gp.  X  0.06929. 


3.  cii«miatT7  and  Fbyaioa.  —  AmoDg  material  phcnomeoa 
vre  may  distin{^ieli  two  classes:  firstv  tliose  whicb  are  nuini- 
fest«d  witliout  a  loss  of  identity  in  tlie  substances  involved ; 
tecKmdly,  tho9<;  which  are  attended  by  a  change  of  one  or  more 
of  tti«  niutcriuU  uniployed  into  new  eubstances.  The  science  of 
chemistry  deals  with  the  last  class  of  phenomena,  that  of  physics 
with  th«  first;  and  hence  the  terras  "cliemical"  and  "physical" 
phenomena.  An  illustration  will  make  this  distinction  plain. 
When  ft  bar  of  iron  is  drawn  out  into  wire,  is  rolled  out  into 
thin  leaves,  is  reducod  by  meclianical  means  to  powder,  is  forged 
into  various  shapes,  is  melted  and  cast  into  moulds,  is  mag* 
netized,  or  is  made  the  medium  of  an  electric  curront,  since  the 
metal  does  not  in  any  case  lose  its  identity,  the  phenomena  are 
all  phj-sical.  \Yhea,  on  the  other  hand,  tlic  iron  bar  ni.'ita  in 
the  air,  b  burnt  at  the  blacksmith's  forgo,  or  is  dissolved  in 
dilate  sidphuric  acid,  the  iron  is  converted  into  a  oev  substance, 
iron  rust,  iron  cinders,  or  green  vitriol,  and  the  plienomena  are 
chemical.  The  distinction  between  these  two  departments  of 
human  knowledge  i»  not.  however,  so  strongly  marked  as  the 
definition  would  seem  to  imply.  In  fiict  they  coalesce  at  many 
points,  and  a  knowledge  of  tJie  elements  of  physics  is  an  essential 
preliminary  to  the  successful  study  of  chemistry.  In  tJte  follow- 
ing pages  it  will  l>e  a^umed  lliat  the  student  is  acquaint^sd  witli 
the  most  elemental^  principles  of  this  science,  and  refcivnces 
will  bo  made  to  the  sections  of  the  autl)or*8  work  on  Cbemicftl 


«  QrZSTIOSS  iSD  nCCLEIB.  HZ. 

TEjmtx.  Tbe  nine  reladon  irhidi  p^yaa  beo!  to  cbouistiy 
'.q.  li«i  :<:rt  ^ie.  rrLemisnj  ban  lo  ^Tsiijagy  and  die  mtonl- 
iiiKi'xj  Kis>«s  on  ihe  other. 


qutSDOsa  A3n>  fboblehb. 

1.  BrfuBt  br  Tkble  L. — 

30  iutbef  t«  &w:uniB  of  a  SHtn.  im.  0.7619  KHtn. 

7C  wiiiiiiKiKB  u  incbe&.  Ans.  ^.&2  isdm. 

K  kiliimetrec  u>  milea.  Aiu.  22.3S  mika. 

'  iO  m«ans  u.  feM  utd  iocbei.  Am.  3S  ft.  9.7  incbes. 

1  enldc  metn  Ui  qTUiu.  Ana.  SS0-6fi  qiiut& 

1  ralK  f'YA  lo  litres.  Ans.  26.31  litiw. 

1  jriirt  «■  fuUc  oeaiinKTica.  Ant  567.8  cm.* 

1  liire  to  rabic  iotbes.  Ans.  61.027  ratnc  indMa. 

1  ponnii  avoiniiipcis  to  gmnmea.  Am.  4A3>6  gnmmcK. 

1  kilo^tamme  to  oosoes  sTCudnpoiL  Am.  35.37  oonoM. 

1  oiinw  ici  gmmneft.  Ans.  2S.35  gnmmcK 

2.  If  th*r  dobe  were  a  perfect  sphere,  trhat  would  be  tbe  dTcam&r- 
«sce  ui'l  wbat  the  diuoeter  in  ldloiDPti«»  I 

Am.  Circumference^  40.000  kaometies. 
Diiiaeler,  12,740 

3.  TTie  lenrth  ff  the  metre  was  ilet«nmaed  hr  nwasuring  the  dis- 
la:i'.*  }*tw«:u  D-jnkirk  (in  Franco>,  latiiv.le  -'■I-  2'  &".  and  Forroen- 
V-ri  <:b«  '  f  tbe  Ikleohc  UUnd«).  laiilu-lc  S?'  3i*'  oi'',  both  on  the 
liiL*  uier.iiin.  This  iliftancc  was  foun'l  by  trianjuUiiLin  to  b«  eijual 
i-.  73".450  t  iw-?.     ^^hat  U  the  len^h  of  a  mrtre  in  terms  of  thi* 

'.  i  FklcL  unit  of  measure  1  ^Vhjt.  also,  was  t)ie  h-n^h  moaauwd  in 
LL.'.L-b  ioU<u  t  No  trccount  is  to  be  i.ikon  t-f  ilie  cUipiioity  of  tho 
*a.--ij.  Ans.  The  m«re,  0.S314  toise. 

The  length  was  S54  miles. 

4-  Tl'-  .•■/.,  Or.  f.f  imn  is  7.?4.  What  is  the  weight  of  10  o,  m.* 
'/  •-:.'■  tt.-:U'.  ::.  .-ntiim-;-?  (  What  is  al.s.>  ihf  wei.;ht  in  kilogrammes 
'A  X  •;  :.':!•:  -i  .:  .n  wli>j«.'  diameter  e-qu.tl^  oiii'  <iotinie!Te  I 

An*.  7^.4  p^umui's  aiid  4.103  kilognmrnes. 

'  W'l.i;  ■-  '.he  w>-i;!it  in  ^ximmes  of  00  t.  m.'  of  oil  of  Tilriol, 
»;.-:.  •.!.-  .-/.   (iv.  .if  tW  liijuid  is  l.S  I  Ans.  90  fc-rammM. 
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fl.  The  1^  Gr.  of  olcobol  being  O.S,  whnt  Tolunw  in  litre*  wooM 
weigh  7.3  kilogrammes  I  Ana.  9  litres. 

7.  Aaauming  that  the  eftrth  is  sph«ai«d,  auct  iU  mean  Sp.  Gr.  0.67, 
what  would  1>c  iU  wdght,  odng  as  tbo  unit  of  wui^-bt  u  kilometro 
cuW  of  ynXQH  at  iU  gnatut  densitjr  t  Ans.  0, 130,OUO,UOU,000, 

8.  Itetermina  tho  Sp.  Gr,  of  abwltita  alcoliol  frcm  th«  follovring 
ilaU :  weight  of  oiii)>t]r  bottle  4.3l!fl ;  wvigbt  of  tame  &U«d  with 
wat«r,  iaC94;  woigbt  of  tamo  filled  with  olcobol,  16.7'11. 

Aqjl  0.d0»5. 

9.  I>«t«nnitto  tho  Sp.  Gr.  of  Uvul  from  tlie  following  data ;  weight 
of  bottle  flUod  with  water,  l'J.fi54;  weight  of  l«&d  shot,  16.45C; 
w<!tgbl  of  bottle  fUled  in  part  with  the  ahot  and  the  rest  with  wtitrr, 
33.766.  Alia.  11.5. 

10.  D«tormiDO  tho  Sp.  Gr.  of  iron  from  —  weight  of  iron  in  air, 
3.92 ;  weight  under  waiter,  3,42.  Ana.  7.84. 

11.  Ihilcrmino  tho  Sp.  Gr.  of  vtxA  from — weight  of  wood  in  air, 
S5.35;  wdght  of  niukor  iitidcr  wator,  9.75;  vdglil  of  wood  with 
dBkeriiiid«T  watcri  5.10  groinmea.  Ana.  0.643. 

12.  How  much  Toluiite  most  a  hollow  sphere  of  copper  have, 
t:SfeeMi  vill  ju.it  float  in  waterl    What  muRt 

^P^i  Gr.  of  copper,  8.8)1 

Ans.  1  cnbic  decimetre  and  113.6  cTm:' 

I3t  How  much  volume  mtut  a  hollow  <7lindrr  of  iron  bavo,  which 

wcaghi  10  kilogmmraM  and  sink*  one  half  in  wnt^r,  and  wliat  must  be 

tbo  roluuM  of  the  motfl]  1       Ana.  20  d.  m.'  and  1.276  cubic  decimetres. 

14.  What  b  the  weight  in  grammes  (under  ataudatd  oondilioiw)  of 
128  m:*  of  oxygen  gaa  (S|>.  Gr.  =  16)1  Ana.  0.1834  gramme. 

15.  Uow  many  littos  of  cnrbonic  anhydride  gas  (Sp.  Gr.  =  23) 
would  weigh  (under  normal  conditions)  i.480  fcilognuumes  t 

An*.  2274  litres. 

16.  Solro  the  taat  two  proUeins  by  [3],  and  show  in  wliat  respect 
tlte  method  diffen  fn>m  that  indicatiyl  by  [2], 

1 7.  What  is  the  weight  in  critbs  {under  atondatd  vondilionai)  of 
one  litre  of  nitiogen  gta  (Sp.  Or.  =  14),  of  one  litre  of  chlorine  gas 
(i^p.  Or.  =  35.S),  of  one  litre  of  roar^i  gu  (Sp.  Gr.  =  S),  and  of  one 
litre  ofanimonia  gas  (Sp.  Gr.  =8.S)t 

Ana.  14,  3<9.6,  8,  and  8.S  crith^  reqiectivdy. 


6  QCEsnOSS  AXD  ntOBLEHS.  iiX 

IS.  Whtt  U  tbe  irdght  in  gramiDes  of  one  litre  of  each  of  tiie  nms 
guea  imdor  the  sune  cooditions  t 

Aiu.  1.3M.  3.180,  0.7166,  utd  0.7614  gnrnmes  reflectively. 

19.  The  irright  of  one  litie  of  hTdrachloric  add  ps  ie  1.6-13 
gmnme* ;  of  carbonic  oiJd«  gu  1.3500  gnnuneB ;  of  tyaaogea  gas 
3.33A  gnraniM,  tad  of  hydn^eu  gu  0.0896  grunme.  What  ia  the 
specific  gravity  of  Mch  of  ihew  gaaes  referred  to  air  I 

A&a.  1.370,  a966S,  1.806,  and  0.0693  Kapectirdj. 

CO.  What  i«  the  volume  (and«  Btaodiid  oonditioBs)  of  13.51 
gnmm^  of  nitrngen  gas,  whea  the  apedfie  gmvi^  lefened  to  ur  ia 
O.V703t  Am.  lOliticB. 

SI.  Wbal  11  the  m^hl  of  one  litre  of  airiMcnllial 

Aaa.  14.43  ottba. 

33.  \Vhat  «-.vDld  hr  tl>e  awnuannal  fiwee  of  ok  tbcuuud  Utma  of 
hviliv^n.  under  uornul  conditicof  I 

Ann  IV  wM«sKtDal  f..w(w  is  the  diff«i«w«  hcrnMB  the  «n^ 
vS  the  hifdAyeo  and  IJUI  of  ibt  air  dispiaw'd  Heaee^  ia 
the  ]<Ttw&i  exuui^  the  aMcmioiul  fccoe  wcsM  ha  14,430 
—  l.iW  =  1S,41\»  ciiOia^  v»  1  JS>1  pasiaea. 

J3.  Wlwl  i*  the  v»lue  i>f  a  cr.ih  ia  isaias.  EetjA  »will 

t**   1.3^3  gnmL 


CHAPTER  n. 

FUXOAMEKTAL  CllEUtCAL  RELATIOKS. 

4.  OompotmdB  and  Biemeuu.  —  WiUi  only  aboat  seventy 
ktiowii  vxocptioDs,  all  substances,  by  various  cbemical  processea, 
may  be  duoomposed,  and  hence  are  called  rJutaual  eomponndt  ; 
while  the  seventy  substances  wliich  have  as  yet  never  been  re- 
ived into  simpler  parts  an;  calk-d  chemttal  eUmaUa.  Theie  is 
ame  reawn  for  believing  that  laiuiy,  if  not  all,  <^  these  elemen- 
taiy  aulwtances  may  hereafter  be  decomposed,  and  hence  tJiey 
can  only  be  considered  oh«uucal  elements  provisionally;  but 
however  this  may  be,  all  known  materials  may  still  be  n-»arded 
as  formed  by  the  union  of  the  particles  of  one  or  more  of  tbeso 
seventy  aubstanoes.  A  list  of  the  chemical  elemenla  is  givt^-n  in 
Table  11.  But  oa  nanaes  bavo  been  assigned  by  good  anlhori- 
tiBS  to  Mveial  assumed  elements,  whose  existence  canuot  be 
regarded  as  demonstrated,  these  names  are  queried  iu  the  table. 
Of  thc»c  elementary  substances  more  Uian  tbnx  fourths  possess 
metallic  properties,  and  among  them  are  all  tJie  useful  metals, 
including  the  liqiud  motal  mercury.  The  rest  present  every 
variety  of  physical  character.  Oxygen,  hydrogen,  nitrogen, 
cliluriue,  and  probably  fluorine,  are  gases  undvr  ordinary'  con- 
ditions, although  by  intense  cold  and  great  pressure  they  have 
all  been  ooudcitaed  to  liquids.  Bromine  is  a  very  volatile  liquid; 
and  among  the  sfUds  we  have  every  gradation  between  the 
highly  volatile  iodine,  or  the  easily  fusible  phosphorus,  on  the 
one  hand,  and  carlion,  which  has  never  even  been  melted,  on 
the  other.  We  find,  also,  amoo^  the  olcmenls  every  difference 
as  regards  density.  Hydrogen  gas  is  the  lightest,  and  tbc  metal 
l^tinam  the  b^viest  substance  knowa  Several  of  the  elfr- 
mentaiy  substances  ooctir  in  a  tnx  state  in  nature,  for  example, 
oxygen  and  nitrogen  in  the  atjnosphere.  carbon  in  the  coal  beds, 
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sulpbiir  ill  tlic  tKighborhood  of  activQ  voteuioes,  iron  in  meteiHio 
stones,  while  aneiiie,  ftDtiinony,  biamuth,  copper,  golti.  silver, 
mercury,  and  platinum,  with  a  few  oU>er  rue  asvociAtcs,  aia  i 
sometimes  found  in  a  more  or  leaa  pare  state  in  metallic  veins.  I 
Qold  and  pUtinmn  are  uaually  found  in  a  free  condition.  Chough 
as  a  rule  slightly  alloyed  with  their  associated  nietab ;  but  all  tht  j 
other  elements  are  generally  found  in  combination,  and  tbe  greater) 
number  appear  in  nature  only  in  this  condition.   From  such  com- 
poanda  the  elements  may  be  extracted  by  \'arioas  chemical  pro- 
cesMS,  which  will  appear  as  we  proceed.    Among  these  elements 
tlw  useful  metoU  are  the  tooU  of  civiliiEation.  carbon  is  our  Doi- 
venttl  fuel,  while  sulphur,  phospboros,  arsenic,  chlorine  broniine, 
and  iodine  have  found  iupoitanl  appUcatium)  in  tbe  aits,  and 
aru  therefore  articles  of  commerce;  but  Uie  greater  number  of 
the  ^euientj  ore  only  to  be  seen  in  the  chomist'a  Ubomtoty^j 
and  are  solely  objects  of  chemical  invoitigatiou.    The  elMnontu] 
arc  distiibuted  in  nature  in  vviy  unvtiual  proportions.    At 
one  half  of  the  solid  crust  of  the  globe,  eight  ninth*  of  the 
on  its  suiiaoe,  and  one  lllUi  of  the  atmospbure  wbicli  surround 
it,  consist  of  the  one  olemeut,  oxygen.     Moreuvur,  the  otlie 
deuents  are  tunolly  found  in  combination  with  oxygen,  no 
oxygen  may  be  regarded  as  the  cement  by  which  tlieae 
meataiv  {nrta  of  the  world  are  held  together.    Kext  in  abun-' 
dtnoe  is  silicon,  which,  after  oxygen,  is  the  chief  constituent  of 
the  rocks,  and  makca  up  about  one  fourth  of  the  Mrtb's  crust 
Silicon  is  always  found  combined  with  oxygen,  and  more  tjtaa 
one  hair  of  the  oxy^a  of  the  globe  is  in  combination  with  this 
elemeat.    Hence,  the  compound  of  the  two,  which  we  call  silica 
or  qnatts,  roust  make  up  more  than  one  half  of  our  tinlii)  globe, 
at  least  as  fiu-  aa  its  oompoeilion  is  known.    After  iiilicon  in 
order  of  abundance  would  follow  the  elements  aluminum,  cal- 
cium, magne-iiuni,  potassium,  sodium,  irou,  carbon.   Bulpbnr, 
bydro^n,  chlorine,  oitmgen,  which,  without  attempting  to  dis- 
eriminate  betnben  them,  make  up  together  very  nearly  tfae  other 
fourtli  of  tlte  earth's  mow;  far  the  remaiuing  elements  —  inclod-. 
ing  all  the  useful  metals  except  iron  —  do  not  constitute  in 
more  than  a  hundredth  put  of  it     Of  the  seventy  known 
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ekmeota,  then,  thiru-en  alone  make  up  at  least  nincty^niiie 
bondredths  of  the  whole  kiiowD  mass  of  tliv  cartli. 

5.  AnalysU  and  ByntbMla.  —  Tlie  CODiposiUon  of  a  cbom- 
ical  compound  luay  be  made  evident  in  two  wayi;:  first,  by 
bteuking  up  the  compound  into  iUt  coustitueut  parts ;  secondly, 
by  reuniting  these  pails  and  reproducing  Uie  origiDftl  subatauoe. 
The  fiist  of  these  methods  of  fooof  is  called  ana/ym;  tlie  sccoiiO, 
qnt/Ams.  The  &tudy  of  the  pn>c«sde3  (whether  analytical  or 
synthetical)  by  which  the  composition  of  a  body  may  be  dia- 
COYored,  and  the  relative  amounts  of  its  various  canstitaenU 
dfltermini-d.  forms  aa  important  branch  of  practical  cliemiatry, 
whtcli  is  knowD,  in  general,  aa  C'kemie<ii  AnatysU,  and  this  la 
nbdividvd  into  Qualitative  and  Quantitative  Analysis,  accord- 
ing to  the  objt'cl  in  view. 

G.  Law  of  DcQnit*  FropoiUoiis.  —  Xttmberlcss  analyses  liave 
proved  Uiat  o»y  ffiitn  deankal  etnKpound  aimxj/«  amtains  the 
mnu  tJ/ctMttU  mmbi>K»l  in  the  same  proportions.  Thus,  wlicn 
we  analyze  'wal«r,  stigar,  and  salt,  we  always  oUiiln  the  result 
giveu  below ;  and  this  rvsult  is  iuvariable,  saving  simill  errors 
of  olwcrvalion.  fW)in  whatever  soun«  these  uiakTial»  may  be 
diawiL  The  eoiupusiUon  is  given  in  per  cc-nls,  as  is  usual  in 
audi  cnsea. 


Wu«[l>osa<V 

Hydrogea.  11.113 
Oxygen,     88.868 

locTooo 


Ml. 

Sodium,   39.33 

Chlonnc,  W>M 

1D0.00 


CarboB,       42,09 

Bydrogen,    6.50 

Oxj^/eax,     SI--44 

100.00 


Chemist*  have  not  yet  enoceeded  in  making  sugar  by  com- 
bining its  elementa,  bat  the  syntheaia  bulh  of  wuler  and  salt  is 
easily  efibcted,  and  illustrates  still  more  forcibly  the  law  we  are 
considering,  llius  we  may  mix  together  hydrogen  and  oxygen 
gas  in  any  proportion,  but  when,  by  p^issing  an  electric  spark 
throQgh  the  mixture,  we  cnusc  the  elements  to  combine,  then  the 
gases  unite  in  the  exact  proportion  indicated  above,  and  any 
excess  of  one  or  the  oilier  which  may  bo  present  is  lefl  over. 
The  law  of  dctimte  proporLious  gives  to  chemistiy  a  mathemali- 
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obI  faui*;  for,  suuse  the  analyses  of  all  compounds  have  been 
nude  odU  lababited  in  &  way  ttist  will  bo  soon  explained,  it.  i$ 
alwayii  piiasible,  when  Uie  weight  of  «  i»uipoutul  is  given,  to  cal- 
culate the  weights  of  its  coustituuate,  ouil,  wti«»  tJie  weight  of 
one  of  ita  eienkODts  is  knowu,  to  «lcuiiite  the  vr«ights  oT  all  the 
otJter  elements  presouL 

7.  UlxtoTv  uid  Cli«mlcal  Compound.  —  Tiie  law  of  definite 
pTOpoTtioQs  givt3  a  aimpli!  triteriyu  tor  di#lij)|^is)iing  lKlwi>t>a 
a  tuixtunj  and  a  true  cbemical  compuuiid.  lu  tlie  first  the  ele- 
ments may  be  mixed  in  any  propoitioii,  but  iu  tli«  true  compound 
they  are  always  combined  in  detioit^i  piupurtiuus.  Tbtu  we  way 
mix  together  copper  liUn},^  and  Hulphur  in  any  propoition,  but 
ss  soon  as  we  apply  beat,  and  cutiE«  the  uleniisots  to  cumtiiue. 
then  the  copper  combines  with  one  half  of  its  own  weight  of 
sulphur,  and  the  eiioes  of  cither  element  above  these  proportious 
is  diacanWd.  Again,  in  a  mixture  however  Itomogeneous,  we  can 
generally,  by  meclumical  means  alone,  distinguish  the  ingredienta. 
Thus,  in  tbe  mixture  just  referred  to,  a  microscope  would  show 
the  gruins  of  sulphur  and  metallic  copper,  with  all  their  ehuso* 
teiutiG  appearances,  sod  by  means  of  car)>onic  diAulphide  we  can 
i!a»ily  dissoK-«  out  all  tbo  sulphur  frum  tbe  mixture  ;  but  after 
the  clwmiuil  uniou  has  taken  place,  [he  characteristic  properties 
of  ihu  elements  are  nergid  in  those  of  the  compound,  nod  no 
such  simple  mechanical  soparation  is  poesibla  Xcvertheless, 
although  those  di»tinctioDS  are  generally  sufficient,  wo  find  in 
•omo  alloys,  in  solutions,  and  in  corapouuds  of  a  few  other 
elasMs.  less  iotimalo  coodilious  of  chemical  aniw  wbcio  thcas 
criteriotts  fail. 

8,  Cbemioa!  Pto««um.  —  The  hiw  of  definite  prnportioufl  hm 
a  still  wider  appliouion  than  Uint  indicslod  in  the  lo-st  two 
sections.  The  chief  feature  of  eveiy  well-dclined  cheroioal  pro- 
ocas  id,  tbat  from  one  or  more  definite  substances  certain  other 
equoHy  dtifinite  substances  are  formed.  Thus,  iu  the  example 
Just  given,  from  the  well-known  substanoea  copper  and  sulphur 
a  new  and  equally  definite  oubetance.  cupric  sulphide,  results. 
Again.  I>y  heating  common  salt  with  autpburic  acid,  wo  obtain 
two  other  definite  substances,  bydrosodic  sulphate  and  hydro- 
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chloric  acid  gas.  So  also  hydrochloric  acid  gas  and  ammonia 
gaa  yield  amnionic  chlorido;  wlula  chidk  and  hydrochloric  acid 
give  calcic  chloride,  carhoiiic  dioxide,  and  water.  Soyr,  as  in 
the  case  of  th«  cuppor  and  sulphur,  iueiili«iied  above,  eo  in  all 
Uw  chemical  changes  just  cited,  and  in  oil  similar  cases,  there 
is  a  doSnite  relation  between  the  wcighw  of  the  several  substances 
which  take  [iort  in  or  rt-sult  from  the  diemical  action ;  and,  ns 
vr'tU  hcivafU-r  be  shown,  \vc  can  always  calculaus  tlie  exact  t>To- 
poitioiis  in  wbioh  Uie  re'iuired  materials  should  l>c  tiacd.aud  aino 
the  wtiight  of  the  severul  i)roducta  which  will  result. 

9.  Law  at  Huiupio  PropoTtioua.  —  It  ii«  guuerally  the  aae 
that  the  same  el'^itii-iit^  uiiito  in  more  than  one  proportion, 
forming  t\vQ  or  mure  dilTercut  compounds;  and  we  alwa}-$  find 
tlinl  the  [flioportJoiis  of  the  elements  in  such  compounds  are 
simple  mnlliples  of  each  other.  This  law  is  best  illustrated  by 
tile  compounds  of  nitrogen  and  oxygen,  which  are  five  in  num- 
Ixir,  and  have  the  names  indicated  in  the  table  below.  In  onler 
tiO  make  evident  the  law,  we  give,  not  the  percentage  composi- 
tion aa  above,  hut  the  amouut  of  oxygen,  which  is  in  ouch  cow 
combined  with  one  and  UufC  fourtlis  parts  of  nitrogen. 


coMrotrsDS  of  sitbooeh  wm  oxyoes. 


?fiti«gen  MoDoxidp, 
XittogiMi  OioxiJe, 
Xitrci}pMi  Trioxido, 
Nitrogoit  Tvtroxitlo, 
Nitrogen  P«ntoxide, 


b)  Wllllll. 

1.76 
1.75 
1.75 
1.75 
1.75 


So  also 


Carlwn  Monoxid«, 
Carbon  Dioxide, 


Oj'r-n, 
bj  ailCtii. 

1 

2 

2 

2 

3 

2 

4 

2 

S 

2 

OwboD.  b;  nlfbt 
3 
3 


and  likewise 

Manfcanow  Chloride,  55 

HftRgnnie  fvsiiincbloridc,  S5 

Manganic  Tctnicliloridcs  6S 


1 

2 
3 
4 

a 


4 
8 

CUerfw.lir  **l|lit. 

71.0  =  3  (35.5) 
lOfi.fl  =  3  (35.5) 
U2.0  «=  4  (35.5) 


CHAPTER  nt 


UOLECCLES. 


10.  Molceolar  Theorr-  —  The  only  explnnation  of  llie  laws' 
or  detiniu;  anil  multiple  proitortiona  which  up  lu  this  time  the 
science  of  chemistiy  has  furuisltGiI,  is  that  all  luaxsus  or  matter 
have  a  certain  minute  granular  Btnictiue ;  and  itiat,  uliilo  thoro 
are  as  many  kinds  of  grains  as  titers  are  diffeivnt  siihstauocs  in 
nature,  all  the  grains  of  the  same  substance  an;  alike  in  every 
rrapect  These  grains  are  called  molecules,  and  an  tie  smtilUst 
mas)Ci  into  wAuJi  a  mbttante  can  he  dividfd  xctthout  datrojfii\ff  iU 
identity. 

But  while  molecules  are  the  smallest  particles  of  any  suhatanee 
which  can  exist  by  theiusulves,  they  must  in  their  turn  be  re- 
garded ns  aggregates  of  still  smaller  mases  of  one  or  more  of 
the  8e\'enty  chemical  elements ;  and  these  ultimate  eiemetUarjf 
particles,  the  smallest  masses  of  matUir  whidi  science  has  yet 
distinguished,  are  called  atoms.  The  molecula  are  the  viHmttU 
partitUt  o/  anif  gt^ante  in  irhick  its  ftuilitia  inhrrt,  and  this 
is  as  true  of  an  elcmuntaiy  as  it  is  of  a  compound  siibetunco. 
But  wliile  the  molevules  ot  a  compoimd  sul)«tance  are  always 
Bggr^tes  of  two  or  more  kinds  of  atoms,  the  molecules  of  an 
etomentaiy  substance  are  aggregates  of  atomti  of  the  same  kind, 
and  in  some  casus  —  as,  fi>r  example,  the  ninlecnles  of  merciiiy 
and  idnc  —  consist  of  only  one  atom  (or,  in  otlier  words,  an 
identical  with  the  atoms). 

So  long  oa,  in  spite  of  mecbaoical  subdiTuiion  or  physical 
obangei,  tbe  integrity  of  the  moteculea  is  preaenred,  the  identity 
of  a  sabatonce  remains ;  hut  when  in  a  chemical  process  new 
rohatosoes  are  formed,  the  molecules  arc  subdivided  and  tho 
atoms  nuninged  to  form  the  new  molecules  of  tho  resulliug 
|iTodnct    Thus  a  lamp  of  sugar  is  an  aggregate  of  sugar  mole- 
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onlea.  ^Vhen  di.<4olved  in  water,  the  molcculea  probably  become 
uolaMd  itnd  distribdUN]  amoug  the  molecules  of  the  liquid,  but 
the  qiialitiea  of  the  sugar  are  not  lost,  because  the  iiidividaal 
molecules  remain  unchanged.  Hut  when  the  sug^  is  burnt,  tlie 
[nQlecuka  are  subdivided,  and  the  resulting  atoms  of  corboD. 
hydrogen,  and  oxygen  unitu  to  form  Ibe  moleculG!)  of  the  cbur- 
coal,  water,  and  other  proclact^i  which  TCSult  In  like  Diunn«r,  a 
drop  of  water  is  an  aggivgato  of  molecules  of  water.  Whi;n  con- 
verted into  steam  we  Btill  recoguizc  in  tills  vapor  iho  somo  chcnit- 
cai  substJincK.-  us  Iwfora,  bceause  the  niolecules,  although  driven 
apart  by  tlu  tictiuu  of  beat,  are  not  otberwiM  altered.  But  on 
passing  a  currcut  of  electricity  tlirongh  the  drop,  these  tnolocutea 
arc  itulxlivided  inU>  atoms  of  oxygen  nn<l  hydrogen,  which  unite 
in  pau* — ^two  oxygen  atoms  together  and  two  hydrogen  atoms 
together  —  to  form  the  n>oIeciiles  of  the  osygen  and  bydnjgen 
gases  whii;b  are  tht>  pixMiucts  of  tlie  electrolysia. 

11.  Pbjdoal  Propertle*  of  MatWr.  —  The  physical  qualities 
of  a  body  depend  ou  the  relations  of  its  molecules,  and  the 
doctrine  of  molecular  structure  U  even  more  important  as  a 
theory  of  Physics  than  it  is  in  Chemi^Uy.  llie  molecules  are 
the  units  of  the  physicist,  and  the  points  of  application  of  the 
Uxrcea  which  be  chietiy  studies.  Some  of  the  pbenomenn  he  bos 
discovered  luive  enabled  him  to  fDim  approximate  ostimatos  of 
molecular  m^^^itudes.  and  deltnite  conceptions  of  the  modes  of 
mokcukr  motion ;  and  thus  within  a  few  years  has  arisen  a  new 
department  of  bis  science,  called  molecular  met^Ikanics. 

Sttliit.  —  lu  a  solid  the  molecules  dmily  cohere,  and  the  force 
whicb  binds  them  together  has  been  called  eohaion.  Hence 
solids  have  a  definite  form  and  stnicturo.  and  resist  any  *A«r- 
ing  »tre»s,  or  oUier  fiircc  whicb  lends  to  change  the  relative  posi- 
tion of  their  molecules.  Some  of  the  phenomena  of  cr>'Etallization 
indicate  that  cohesion  is  a  polar  force  allied  to  magnetism ;  and 
Uie  well-known  qualities  of  solid  bodies,  stich  as  crystalline  form, 
elasticity,  tenacity,  ductility  or  malleability,  hardness,  transpar- 
enqr,  diatbemianey,  refracting  power,  etc.,  are  all,  doubtless, 
different  manifestatiouB  of  a  molecular  structure  which  is  held 
together  by  some  mode  of  polar  force.    But  we  have  not  yet  beea 
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able  to  aoquiK  anj  positive  koowlet^  in  regard  to  the  detaiU  of 
the  iDolecoUr  stnictiuo  frotn  which  such  diOerent  qnalitiee  resitlti 
The  molecules  of  all  bodies  an  supposed  to  be  in  motion,  bat  in 
aolida  the  motion  is  so  circamscTibed  tliat  the  relative  position 
of  the  molecnles  i»  iLOt  us  a  rule  pcrmiinenllj  altered. 

Liquid.  —  In  tlio  liijuid  ODndition  of  tuutt«r  the  molocules  liare 
great  fevedom  of  luotiuu  among  then)8el\'cs,  and  do  not  nttist  the 
least  sbeciing  sttcas ;  but  still  Uie  motion  is  circumscribed  within 
the  liquid  tuass.  Henco  a  liiiiiid  has  a  dcfiuitc  mrfaoo,  which 
At  each  poiut  is  at  right  auj^les  to  tlte  direction  of  the  resultant 
of  all  liM  forces  acting  at  that  point.  Thus  the  tutfooe  of  still 
water  is  at  right  angles  to  the  direction  of  the  force  of  gravita- 
tion, and  a  mast  of  liquid  in  equilibrium,  like  the  raindrop^ 
takes  ft  spherical  form.  In  a  liquid,  however,  a  oertaiu  oobesiun 
still  exi»Xa  between  the  molecules,  and  the  various  phasea  of 
capillary  action  are  effects  of  the  a/Amon  of  the  liquid  mole* 
cules  modified  by  their  <u0u9io»  to  tJie  surfaces  of  solids.  The 
solvent  power  of  liquids  seems  to  be  a  still  further  effect  of  the 
same  mutual  action.  Connected  alao  with  this  frwdom  of  mo- 
lecular motion  \s  the  property  of  liquids  of  transmitting  prcsaun 
in  all  directions,  cu  are  also  the  wuU-known  principles  of  hyilro- 
statics  to  which  it  lends ;  but  this  property  belongs  to  the  third 
condition  of  matt4U-  as  welL 

Coa  — In  tiio  ocrifonn  condition  of  matter,  the  motion  of  the 
noleoules  is  only  drcamscribed  by  the  walls  of  the  containing 
vessel,  or  by  some  force  acting  on  ttio  mass  from  without,  in  the 
case  of  the  atmosphere  by  Uio  force  of  gtavitution.  The  mole- 
cules of  a  gas  are  constantly  bcatit^  against  the  walls  which 
confine  them,  and  were  they  not  Kstnined  irmdd  tly  off  into 
space.  Hence  gaaca  always  exert  pressure  against  any  surface 
with  which  they  arc  in  contAct,  and  wn  measure  the  preMutv,  or, 
OS  we  frequently  call  it,  the  tmsiim  of  the  gas,  by  the  height  to 
which  it  will  raise  a  coiumu  of  mercuiy  fChem.  Pill's.  15S). 
Tlio  instnmicnt  u»cd  for  this  pnrpose  is  called  a  barometer.  The 
Iwiglit  of  the  barometer,  or  of  any  mercury  column  which  ivpre- 
MDta  the  preseur*  or  tctuioa  of  a  gas,  is  always  r?present«d  hi-  ff. 

In  our  latitude,  at  th«  sai&oe  of  Ibe  sea,  the  atmosphere  in 
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iU  canual  conditions  will  raise  a  column  of  morcur;-  76  c.  m. 
[IiigU-  Hence  Jl  ^  76,  and  to  tliis  staudanl  vo  nlwa^'K  refer  in 
[ooraparinj;  together  the  volumes  of  difiewnt  ga^s. 

12.  Mariotts'a  L«w.  —  Tho  most  cliaracteriHtic  fejitiii*  nf  tlio 
taeriform  condition  is  the  grBat  change  of  volume  which  giists 
iTindcr}?)  tmdvr  vuryjji};  preasure,  and  the  upeciid  law  of  com- 
Ipreaiubilit;  which  they  olwy.  If  we  represent  by  Ji  and  If  two 
f  conditions  of  pressure  to  which  the  same  body  <^  gas  ia  at  difler- 

ent  times  exposed,  then  the  luw  is  expressed  by  the  formula 

T:V'  =  H':n.  [4] 

Moreover,  since  the  density,  or  specilic  gravity,  of  «  ghxn  mast 
\t}{  gaa  must  be  the  greater  the  less  its  volume,  it  is  also  true  tli»l 

l:V=Sp.  Or. :  Sfi.  Or.'^ff :  E';  [6] 

and  Instly,  since  the  weight  of  a  given  vdumt  of  gas  is  obviously 
proportiounl  to  its  specific  gravity,  we  also  bavo 

in  wliicli  W  and  W  represent  the  weight  or  an  tqKol  ttAumt  of 
the  same  g«9  under  the  two  presaiires  H  ami  H*. 

It  must  be  noticed  that  in  [4J  the  mnss  of  the  gas  is  n.«sumed 
Lto  be  constant  while  iu  volume  xmriea,  as  Li  the  case  when  a 
'mass  of  gas  is  kept  over  a  pneumatic  trough  or  in  an  india- 
rubber  bag.  On  the  other  hand,  in  [6]  tlie  volume  Li  ii.'»umc<t 
to  be  constant  while  the  mass  varies,  as  is  the  case  with  the  air 
contained  in  an  open  glass  bottle  or  displaced  by  a  glass  globe, 
wliile  [5]  is  independent  either  of  a  constant  mass  or  of  a  con- 
stant votamc: 

The  law  of  Mariottc  may  be  directly  deduced  from  tlio  tboory 
ststAcI  in  the  last  section.  For  if  the  molecules  of  a  gas  move 
I  freely,  and  gas  tension  is  the  effect  of  an  incessant  molecular 
[bombardnient,  it  is  evident  tliat  each  of  tlie  molecules  confined 
[in  *  given  space  (a  ghws  globe,  for  example)  must  in  the  long 
Into  do  the  same  amount  of  work.  Hence  tlie  tension  must  be 
I  proportional  to  the  number  of  the  molecules  present,  or,  what 
'  amounts  to  the  same  tiling,  to  the  densi^,  or  speciHc  gravity,  of 
the  confined  gas.    Thus  we  at  once  deduce  the  truth  expressed 
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hj  {5\,  bikI  from  Uiis  proportion  we  eftaily  pass  to  [4]  or  [6], 
wbivh  arc  Uiv  more  ctHiunoii,  altJioogh  less  simplo,  cxpreaaiuui 
of  Uie  law. 

Ttmperaturt  ts  Ibat  vnrialilo  condition  of  niutl«r  whos«  dogrcct 
we  rougfily  designate  by  Uw  words  hot  aiid  ro^  Tlie  seme  of 
touch  gives  us  Uie  first  couce[>tioR,  as  well  as  a  rude  measure,  of 
tempemture,  ami  the  thermometer  (a  famiUar  iiistniment,  fully 
described  in  Chem.  I'bya.  217-228)  is  a  more  accurate  measure 
of  the  same  condition.  £sperienc«  teachoa  that  there  is  a  coo- 
Btant  tendency  in  nature  to  as  equilibrium  of  tcupenUuia  A 
cold  body  bro«gbt  into  a  warm  room  soou  becomes  wann,  aiid  a 
warm  body  in  a  cold  room  soon  falls  to  the  tempenture  of  the 
Bunonnding  ubjccls.  lu  eitlier  case,  if  lliere  is  not  an  actiTd 
cause  of  dtaturlwDoc,  all  tb«  objects  in  Che  room  will  soon  come 
to  a  thermnl  ^equilibrium,  and  a  thcrmom«tt.-r  will  show  that  they 
all  have  the  same  temperature.  If  a  thenuometer  iodicates  tliat 
two  lx>die<i  have  the  same  temperature,  no  Uiermal  change  results 
whon  they  are  brought  togeUier ;  but  if  one  is  hotter  than  the 
other,  a  change  begin<i  at  ot>ce.  and  continaea  until  both  come 
to  a  common  temi)eralur&  This  clmnge  is  accompanied  by  the 
tmnsfc-r  from  the  hotter  to  the  colder  body  of  a  mode  of  murfg 
which  wo  call  hfai. 

13.  B«at  m  MuUlMtaUon  of  Holeentu  Motion.  —  The  phe- 
nomena of  hMt,  like  thoee  of  gas  tension,  are  napposed  to  be 
micrely  manifestations  of  the  motion  of  the  molecules  of  bodies. 
Ajt  the  greater  the  moving  power  of  the  molecules,  ttie  gn»ter 
the  tension,  so  also  the  more  iutense  is  the  sensation  of  heat 
produco).  Since  tempenture  is  the  condition  of  mHtt4.-r  which 
produces  this  sensation,  it  follows  that,  the  greater  tiie  moving 
power  of  the  molecules,  itie  higher  tbu  temperdturu ;  tiie  le«s  Um 
moving  poncr.  the  lower  the  tvmpemtur«,  Moreover,  since  by 
thu  Very  detinttion  all  molecules  at  the  Sams  Umprralurt  are  in 
tlte  cooditjou  to  produce  the  satiu  aetuation  of  heat,  we  must 
assume  further  that,  whatever  their  sice  or  weight,  tltey  most  all 
have  at  the  same  temperature  the  same  moving  power.  The 
light  molecule  of  faydrogea  must  move  much  faster  titan  tlut 
heavy  moluoule  of  carbooic  anhydride  in  order  to  produce  the 
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ime  tfteet     IT,  now,  we  rcpreMut  the  mass  of  a.ny  molecule  by 
[jTU,  and  hy  V  its  velocity  at  any  given  tempnntturu,  then  Uie 
floving  power  will  be  represented  by  J  ui  K'  (Clicm.  Pliys-  42), 
nd  tliU  will  bave  the  same  valae  for  every  niolcculo  at  tbe 
le  temperature.     Witli  a  ^ew  exoeptions,  iill  l>odi(»  vxpoud 
ith  an  iitcreneing  temperature,  and  in  the  case  of  mercury  tlw 
Tchange  of  volume  is  so  nearly  proportional  to  the  change  of  torn- 
eratuie  thai  we  may  use  the  varying  volume  of  a  confiued 
of  thi«  liquid  08  A  miiasuie  of  temperature.    This  is  the 
bimple  theory  of  the  commoQ  mercurial  thermometer,  and  in 
J8  book  we  shall  refer  all  tempuraturcs  to  the  degrees  of  the 
Btttigrsde  s<nltt.     These  ditgrous  arc  piu«ty  arbitrary;  but  to 
c&  oiiu  corresponds  a  deflniie  value  of  {  m  f.  and.  to  a  lim- 
ext«uL,  we  have  been  able  to  coancot  our  urbitraiy  with  our 
lieoretical  measure. 

As  in  any  mass  of  matter,  even  when  in  a  conrtant  condiitJon 
'  tempemture,  there  must  be,  according  to  the  mulitcular  theory, 
never  ceasing  encounter  between  the  numberlvss  moving  mole- 
cnles,  we  do  not  suppose  that  all  the  individual  molecules  in  such 
a  body  have  ueccawirily  the  same  velocity.  As  in  tlie  collidion  of 
biUiard  balls,  therv  must  be  a  constant  transfer  of  velocity ;  some 
aoleciiles  for  the  moment  coming  to  rest,  while  others  acquire 
,  yery  great  speed.  But  so  long  as  no  heat  w  lost  or  gained, 
we  assume  that  the  transfer  of  moving  power  is  limited  to  the 
molecolcs  of  which  (he  body  in  question  consists ;  and  henoe, 
I  ]ong  OS  the  tempemture  is  constant,  the  mean  velocity  of  the 
ttolccults  of  a  botiy  umk-rgocs  no  change.  Wiun  we  increase 
be  temperature  of  tlio  body  we  must  incrnase  this  mean  velocity, 
tlie  total  increase  of  moving  power  tlins  ao'iuirud  is  the 
litintal«  mea.sure  of  the  amount  of  heat  which  ihc  body  n>- 
eivea.  Therefore,  if  we  represent  by  Fthe  mean  velocity  of  the 
olocules  of  a  body  in  a  given  condition,  then  1  m  V*  r'^prescnts 
1  temperature,  and  the  sum  of  the  moving  powers  of  all  llie  mole- 
cates,  or  S  ^  m  V*,  the  whole  amount  of  heat  which  it  contains. 
FlscticaUy,  however,  we  measure  quantity  of  heat  by  an 
bitrary  standard,  and  we  shall  use  in  this  book  as  our  unit 
lie  amount  of  heat  required  to  raise  the  tempemture  of  a  kilo- 
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gnunme  of  pure  w&t«T  from  0^  to  I'  centignul&  Tliis  we  call  the 
unit  tf  luat,  and  it  lias  been  fount],  bj  careful  experimcnM,  Liuit 
this  unit  of  heat  represcuts  an  amount  of  moving  power  which 
is  adeqiuUe  to  raise  a  weight  of  423  kilogiamtnes  one  metro,  or 
to  do  auj  other  atniralent  amoont  of  work. 

14.  Bxpuialon  by  Heat — Tho  amoont  of  expansion  which 
bodiu«  uodttf^o  witen  heated  has  been  carefully  meaanred  for 
many  different  sul»tanc«s,  and  the  results  are  tabokted  in  most 
works  on  physics  (Chem.  Phy*.  Table  XV.).  The  Bo-called 
oocfAcient  of  expansion  giycn  in  these  tables  is  the  small  frao- 
tioD  of  its  volume,  taken  at  0"  C.  which  a  body  iucreases  when 
heated  one  centigrade  degree.  If,  now.  k  ropresonte  this  fraction, 
V  the  initia]  volume,  V  tho  new  volume,  (  the  initial  tompcia- 
tnre,  and  ('  the  new  teroperatun?.,  tlien,  if  wo  assume  that  Uie 
expamion  is  proportional  to  the  tempcratute.  we  easily  deduce 
the  fonnula.  (Chem.  Phys.  239), 

r'=rn+l{('-r)}  pT] 

This  formula  serves  to  calculate,  with  suffideat  accuracy  for 
most  purposes,  the  change  of  volume  of  solids,  whose  coeffi- 
cients of  expODsioa  are  vciy  small  fractions  and  whose  rates  of 
expaoaicm  are  nearly  uniform.  The  same,  however,  is  not  true 
of  Ut^oidf^  Those  rates  of  expansion  fniqucntly  increase  with  the 
temperature  very  rapidly  ;  and  for  such  bodies  we  arc  obliged  to 
use  the  following  formula,  wliich  13  much  less  simple,  hut  is 
'  of  the  general  form  in  which  every  algebraic  fujicliou  way  be 
developed : — 

r'=  r(i  +  ^  /  +  Bf + cc + etc).  [8] 

In  this  formula,  V  repreaents  the  nxiuirvd  volume  at  some 
teuperatare,  I,  and  V  the  volnme  at  0*,  which  is  assumed  lo  be 
known ;  while  A,  iJ.  C,  etc.  are  numerical  constants,  wliich  have 
been  determined  by  expenment  in  the  cose  of  most  liqiudi 
(Chem.  Phys.  255). 

But  while  every  sohd  or  liqnid  has  its  own  rate  and  law  of 
Bxpaasion,  wliich  may  he  empirically  cxpnesed  in  the  maimer 
«•  have  jusi  described,  it  is  quite  different  with  aehfonn  aatteii 
AH  gHW  have  very  nearly  the  same  rate  of  expansion,  aud,  idok- 
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r,  the  fttnonnt  of  eipftnsion  is  alwaye  doeely  propottioBal  to 
He  tRCKasG  of  temperature^ 

^n>eae  relations  wotilil  probably  hold  absolutely  if  all  gases 
(exactly  obeyed  Mariott«'3  law,  and  realized  the  coatlitiou  whicb 
ve  regard  as  that  of  &  poiifect  gu.     But  as  no  known  aeriform 
Irubetancea  are  porrect  gu«09,  we  cao  <liKOovor  by  delicate  experi- 
ents  slight  differonees  in  their  mte»  of  expan&ion.    Still,  except 
the  case  of  vapors  nc»r  their  point  of  condensnlion.  and  in  tliu 
case  of  a  few  giues,  wliicli  are  veiy  easily  condensed,  th«  differ- 
BBCC*  may  be  disT^rdcd  in  all  chemical  pmblemfl. 
Both  solids  and  liqnids  expand  with  irresistible  fnrre.  and  we 
RTo  therefore  only  this  one  effect  to  consider  in  regard  t«  the 
tion  of  heat  npon  them.    It  is  difTerent,  however,  with  gasee. 
enclosing  a  gas  in  a  tight  vessel  we  can  raise  its  temperature 
nthont  chai^fing  it«  volume,  except  bo  far  as  the  vessel  itself 
lecomes  enlarged  by  heat    The  effect  of  the  heat  is,  then,  to 
icresse  the  tensioa  or  pressure  exerted  by  tlic  gas.    Hence,  in 
_the  case  of  a  gas,  we  may  have  two  distinct  effects :  first,  an 
icrease  of  volume  when  the  pressure  is  constant;  secondly,  an 
icrease  of  tension  when  the  volume  is  constant 
Studying,  in  tlic  first  place,  the  lost  effect,  we  discover  this  very 
jmple  law,  which  holds  for  all  fonns  of  aeriform  mutter  in  so  for 
thcy  oboy  IVrariotte's  law.     A  ooolined  mass  of  gas  under  con- 
it  volume  gains  or  loses  afj  of  its  tension  at  0"  C.  for  a  gain 
loss  of  temperature  of  one  degree  at  any  point  on  the  centi- 
~grede  acale.    Aasuming  that  we  start  with  a  confined  mawi  of  air, 
of  any  other  equally  perfect  gas,  having  a  tension  of  '27Z  m.  m. 
0*,  the  tension  would  increase  or  diminish  exactly  one  milli- 
metre for  a  rise  or  fall  of  temperature  of  one  degree.     At  +273' 
the  tension  would  be  54G  m.  m.,  or  just  double ;  and  if  the  law 
holds  to  the  extreme  limits  it  would  be  reduced  to  nothing  nt 
—273'.    Although  the  law  has  not  been  verified  for  low  tempern- 
tures  except  to  a  very  limited  i-xtcnt,  it  is  convenient  to  assume 
that  this  pointy  where  molecular  motion  tJieoreticolIy  ceaaes.  ia 
absolute  zero  of  the  thermometer  scale     Representing  then 
tf  uod  fg,  two  absolute  tcm|)oniturc3  obtained  by  simply  addr 
273  to  the  tflmperatons  expressed  oa  the  centigrade  scale, 
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««  obtdn  Uiii  Aafia  expicssioa  of  what  is  kamrn  as  die  lav 
ofChada:— 

ICoveoTcr,  sinoe  oo  allowuig  the  cooBoad  pm  to  cxpuid  or 
oootnet  under  the  prassnie  of  the  atmoqtbse  — asamul  to  be 
eaaMaot  —  the  resulting  volume  voold  be  ditcctly  ■■  the  initial 
ICBMOO,  we  tledofie  by  oomparisoi)  with  [4X 

P  :  P  =  /,  :  C^  [10] 

VariaUona  of  temperatare  produce  sncb  importaiit  efaaqgea  in 
the  viAume  and  apedfic  gravity  of  aU  bodica,  and  espedalljr  of 
gaaea,  that  it  beooioes  &i<t|tieatl]r  essentia],  before  oooipitring  dif- 
bnoi  ofaaerratknu,  to  rvdoce  them  all  to  some  stAodaid  tempera- 
tOM.  Uiat  sciettttSc  mm  tise,  as  this  standard  temperaton^  0* 
centigrade  and  socDtific  meosoies  are  geoieralty  adjiui«d  to  this 
Mandaid;  bat  60^  Fahrenhaty  oonespaading  to  15°.5  ceatigndev 
ia  often  a  more  cnnrenient  standard,  becaose  it  is  nearer  the 
•Man  tcmperatine  of  the  air,  and  is,  tfaerefors,  not  tuifrcqiieDtl; 
amplcTed. 

Frtmi  [4]  and  [10]  we  ean  dadtice  the  foUowiDg  simple  fiifw 
Mola,  hf  which  neb  redactions  are  oasilr  made :  — 

r=F5.J.  [11] 

Id  this  MpftflBiao  the  masa  of  the  gas  b  aatooied  to  bo  ros- 
itant,  while  the  volume  varies  with  the  change  of  tempenOon:  or 
pBHnre.  Cat  in  the  same  way  we  can  dednoe  (rom  [6]  the 
rinDar  fontiaU; — 

ip=rf.^.  [12] 

io  wbieb  the  voIobh  is  aasnined  to  be  constant  and  the  mats  to 

wiy. 

In  rmx^  these  farmnlc  eonAisoa  will  be  aroiiled  if  the  stn- 
dont  Mks  himself  in  aach  case  wbeUter  the  initial  volume  or 
mjtlik  b  increased  or  kaaaned  by  the  cb*ni<e  of  tem]>eratute 
or  pnsntc  and  then  plaeea  in  the  muamalor  of  the  bactioB 
llie  j,'Tatter  or  the  saaDar  of  the  two  taDpoitmes  given,  or  of 
Ibc  two  prwwiw  fi*».  ■»  ^  conditions  iadicaHi 
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In  measuring  or  vcighiDg  aerifarm  matter  the  ordiaaty  cases 
with  which  we  have  Uj  tiual  aiw,  firati  those  in  which  this  vol- 
ume of  a  constant  masa  (for  example,  a  volume  of  gas  ooo- 
fineil  in  a  bell  over  a  pneumatic  troiigh)  vatiea  with  a  varying 
tempeiaturo  or  pressure,  and,  aeoon<lIy,tha«e  in  which  the  weight 
of  a  constant  volume  but  changing  mass  (for  example,  the  weight 
of  air  displaced  fay  a  glass  globe)  varies  from  the  same  causes, 
^the  pToportioQ 

we  assume  (he  first  of  these  oonditioua,  and  ia 


Jf:  W=K,f„=H':S 


we  assume  the  second 
deduce 


By  ccmbtuing  these  proportions  we  can 


an  expression  in  which  either  the  volume  or  the  weight  may  be 
reganltxl  as  the  variable,  as  the  cose  requires,  and  which  exhibits 
all  the  i«Iacioii3  of  ihe  scvoia]  quantities. 

15.  CbuBa  ot  Stnta.  —  Many  substances   are    capable   of 
sting  in  all  the  three  conditions  of  matuir.     Now,  we  find 

.  whenever  a  solid  changes  to  a  liquid,  or  a  liquid  to  a  gas, 
beat  is  absorlied  ;  and  conversely,  whenever  a  gas  is  liquefied,  or 
a  liquid  becomes  a  solid,  beat  is  evolved ;  although,  as  a  geneml 
rule,  tliis  change  of  state  is  accompanied  by  no  change  of  tem- 
perature. Thus,  one  kilogramme  of  ice,  in  melting,  absorbs  79 
units  of  heat,  although  Uie  temperaturu  remains  at  0°  during  the 
change ;  and  when,  by  boiling,  a  kitogmmme  of  water  is  converted 
into  stuuiii,  under  the  normal  pressure  of  the  air,  no  Itisa  than  537 
units  of  heat  disappear,  although  the  tcinpeniture  l>oth  of  tlie 
steam  and  of  tJie  wntcr  is  constant  at  100°  duiing  the  whole 
period-     On  the  otiier  hand,  when  the  steam  is  condensed  or 

water  ftxKzen,  absolutely  the  isaine  amonnt  of  beat  is  set  free 
I  before  ab-sorlietL     'llie  he^t  tbus  absorlted  or  set  &ee  is 
Jly  called  tiie  latent  heat  of  the  liquid  or  gas,  and  iu  tJio 
case  of  many  subetauces  the  amonnt  has  been  carefully  moiu- 


SPECIFIC  tlEAT. 


an. 


(Cbem.  Fh/B.  277  tad  399).    Aeootiias  to  Um  tliaonr  we 
siudyiog,  UioM  •flbctt  u«  tbs  diracl  results  <rf  Uw  moleco- 
Iir  iMBditaoa  of  inaUer.    The  chai^  of  tUte  nitut  lie  aooom- 
puied  bjr  a  vbtagi  in  Uw  relative  poaitioa  of  Um  ido1mii]<»,  or 
in  Uieir  mau  disbui«e  fTom  each  other ;  uid  tlaa  ebutgt,  ia  ii« 
^burn,  miut  bo  Uieodsd  with  a  deetructiou  or  prDdneliou  of  tfa« 
^^Bovu^  fowtr  oo  vbioh  Uw  effecU  of  beat  depend  (Cliem.  Pfays. 

215  M- 

16.  SoorcM  of  BMt- — Xhu  mm  U  the  oHgiQal  soaroe  of 
almost  all  Uw  beat  ve  enjoy  ou  Uie  eartb,  for  the  effect  of  the 
outfa's  internal  beat,  at  ita  surlac^  is  at  beet  veiy  small,  aud 
all  oar  artificial  souicea  of  heat  have  drawn  Uteir  supply  either 
dit«<:tlT  or  indirvcUj  ^m  the  great  ceotral  luminary.  Ao- 
coiding  to  our  tbeury,  tbo  tSbct  of  Uie  sun's  rays  is  a  sUupIe 
result  of  the  tnuufer  of  nudocalar  motion  from  the  sun  to  Um 
oartb.  either  by  soma  tmknowii  iafluence  exerted  &oin  a  dislauc*. 
or  ebe  by  an  aotoal  transfer  of  motion  Uuoogh  the  material  par- , 
tiola  of  the  ether  which  is  assunwd  to  fill  the  inten-enlng  i 
TIm  invxt  aouree  of  all  artificial  beat  is  comboation  in  it.<«  maajr 
fiuins,  nod  ibis,  m  vru  shall  hereafter  see,  ia  merely  a  dating 
liC^tbor  of  RMteriftl  molucuhu,  and  is  Decesaarily  attended  wtih 
A  mat  (lovvloi^DMal  of  that  moving  power  to  which  we  refer  all 
tinnnil  otlvci*. 

]7,  ■peeWn  ■eat'  —  lliu  amount  of  beat  required  to  ndM 
|«  iho  saiiio  p^tfnt  the  twnpentutv  of  ojual  wetjthte  of  diffe 
•uImImihw  *■  ''X  tK»  M«»M  Un  Munei  This  qunntity  is  capable  i 
any  cm*  ><  <»•»'*  iMMntanMnt,  and  is  callvil  the  specifle 
or  Itin  sulMtHi»i«  T)m  ftUK>ttnt  of  heat  required  to  raise  the  tem- 
|wmtun>  1^  ">•>'  kiti^enuima  iif  water  one  centigrade  dugne  I 
tawi  AMtiitKHl  «•  U«  anlt,  and  w«  express  the  gpectBo  heat  i 
dlhri'  stitwtaiti'oa  IM  MRM  of  ^^  mMunroi  Moreover,  since  with 
,,.  .tw|lltiNH  iKa  llwiAD  heal  of  vater  ia  greater  tbail^ 

II  ,  '  tnliMiMM  knowh,  Ibt  ipeeifio  beat  of  all  other 

u  U  pv^i-  "rtl  V  ft»rti*>*»al  unmlwi*.    In  every  case,  ui 

,f„  '     •  imlicali'  wliitt  fraction  of  a  unit  i 

^  .     ..I  the  leiiiiM'raturo  »f  one  kilugremma  J 

Itv  n^m  tl*  Ui  I*  Mttii)ti»d«  (Chem.  Phya.  232). 
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18.  UolMvlw  Condition  of  Omm-  —  The  ucriform  state  is 
by  f*r  Uiii  siuiplust  contiitioii  of  tnaluir,  and  iIil-  two  peculiari- 
ties in  iU  properties  which  wc  have  siuiliod  Ituwj  to  important 
ooDcIu«ona  in  regard  to  its  molecular  conditions.  Tlicso  char- 
BCterit<tice  ai«  its  follows:  first,  all  true  gnsus  oliuy  tht;  suae 
law  of  compreaaibility ;  seooodly,  eqoal  voltuues  of  all  txuo 
gut»  expand  e()aaUy  on  the  same  iiicrcue  of  temgicTatun: 
(§§  12  and  14).  Now,  according  to  tlie  theory  of  molecular 
raechanica,  these  peculiar  relations  of  the  aeriform  condition  of 
matter  can  only  be  explained  on  the  assumption  that  e^ual  ko^ 
mtua  of  aii  ffOKS  contain  tha  aamenvmher  of  moUctUes;  and  this 
important  theoretical  deduction  —  which  is  usually  known  as 
tlie  law  of  Avogiidro  —  lies  at  the  basis  of  our  modem  tlieories 
of  cliemistTy.  This  peculiar  molecular  condition,  huni;vor,  is 
only  found  in  the  gas,  for  it  is  only  iu  this  stota  that  the  mo)»- 
coles  are  sufticieutJy  separated  from  each  other  to  be  fttied  from 
the  mutual  action  of  those  molecular  forces  which  give  rise  to 
far  more  complicated  relaticms  in  both  liquid  and  solid  bodies, 
jkloreover,  with  our  ordinaiy  gases  (in  the  d^^ee  of  comiensation 
in  vliti'h  tliey  exist  under  the  pressure  of  the  atmosphere)  the 
molcctilcd  are  not  yet  sufBciently  far  apart  to  be  wholly  freed 
ftt>ro  the  cfTocts  of  their  mutual  action,  and  hence  the  theo- 
retical condition  is  not  absolutely  ftilTilled ;  and  in  ii'apors,  where 
tin  molecules  are  still  closer  tugvther,  tlie  variation  &om  the 
theory  is  sometitnos  quite  lai^a  In  proportion  aa  tlie  gas  ez- 
pands,  the  theoretical  condition  is  approaclied,  and,  when  in  a 
state  of  great  expansion,  equal  volumes  of  all  gases  would  un- 
doubtedly contain  exactly  the  same  number  of  molecules.  It  is 
only  then  tliat  we  reach  the  condition  of  what  we  have  called 
above  the  perfect  gaa,  and  our  criterion  of  this  perfect  state  is, 
titat  the  gas  then  obeys  absolutely  the  law  of  Muriotte.  A  very 
important  corollary  follows  at  once  from  the  principle  wo  have 
just  dmluced :  — 

Tht  mo^euiar  weiffhi  of  all  gtihslaiwrs  it  directly  proportioned 
to  ikeir  gpfri^f  ifraviliti  in  the  stale  of  pcrftd  gus. 

We  have  adopted  in  this  book  hydrof^n  <^  as  otir  unit  of 
specific  gravity  for  aeriform  substances,  and  were  we  also  to  take 
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the  tnolecsle  of  hydrcn,^  as  oar  anit  of  molecular  weight,  then 
lliD  niiuibur  wliich  exi>rcsse«  tli«  speciSc  gravity  of  a  gas  would 
express  also  its  raaleculur  weights  Itut,  Tor  reosona  which  will 
appear  hereafter,  we  have  selected  tlie  half-molecule  of  hy Jrogeu 
as  our  unit,  and  hence  tht  nuiAvu/ar  vxtght  fij  any  whaanct  tit 
tema  <^  Utts  unit  is  aiwayi  twice  its  apecijic  gravUg  m  (Ac  «tol< 
of  gas.  In  Table  III.  we  have  giveu,  according  to  the  most 
accurate  experituental  data,  the  Sp.  Or.  (referred  to  hydrogen) 
of  all  the  best-known  gases  and  vapon,  and  in  a  parallel  column 
we  have  also  given  the  half  molecular  weights  of  the  same  aub- 
stancea  determined  1>jf  chemicul  analysis,  in  a  manner  which 
will  bo  hereitfWr  described,  It  will  be  ac«n  that-  the  numbers 
in  the  second  column  mti  almost  precisely  the  same  as  thoee  in 
the  Bist ;  and  tlie  slight  (lifTureuccs  which  will  be  nolii-cd  either 
arise  from  Itie  fact  ihat  the  vapors,  un<.lcr  tltc  conditions  in 
which  alone  th«ir  Sp  Gr.  can  be  accumt«ly  determined,  are 
Dot  tme  gaaes,  that  is,  do  not  exactly  obey  ATariutte's  law,  or 
else,  where  the  difierences  are  more  conHidersble,  may  be  i^ 
fcrred  to  a  partial  decomposition  of  the  substance  itself  in  llie 
ptooesB  of  the  experiment  lu  sohing  the  problems  of  this  l>x>k, 
antt  generally  in  most  chemical  problems,  the  balf-moIecnUr 
weight  may  he  taken  as  tlie  true  Sp.  Ur.  Hie  logarithms  of 
these  values  given  in  the  last  column  of  the  table  will  be  found 
useful  in  this  connection.  Although  only  given  tA  four  plaoee 
of  decimals,  tliey  exceed  in  accuracy  the  experimental  dalA. 
The  values  in  the  column  of  Sp.  ®r  referrod  to  aur  are  giren. 
as  a  rule,  to  one  decimal  phtce  beyond  the  limit  of  error. 

It  will  perhaps  serve  to  give  grvftter  definitenoss  to  our  concep- 
tiooa  if.  even  at  tlie  risk  of  coining  a  new  word,  we  call  the  unit 
of  molecuUr  weights  a  mirrocrHh.  We  have  already  beoOHM 
familiar  with  the  crith,  thu  weight  of  one  litre  of  hydrog«'n ;  and 
wtr  new  unit  of  weight,  the  miervcrilK.  is  the  weight  of  lite  half- 
molocule  of  hydro(:cn,  and  although  a  unit  of  a  veiy  differvnt  order 
of  mafcititude,  as  its  name  implies,  the  microcrith  is  just  as  real 
a  weight  as  tl»e  crith  or  the  gtamme.  Itetnembering,  tlten.  that 
the  weight  of  one  half  of  a  hydrogen  molecule  is  a  mi<-T>)crith. 
it  is  evident  tltat  a  molecule  of  hydrogen  gas  weighs  two  micro- 


MOLECCLAB  COKIHTION  OF  CASES. 


is 


eriUid  (2  m.  C-).  Tli«  Sip.  Or.  of  oxygen  gas  being  10,  the  molecule 
of  oxygCQ  i^s  inuHt  weigh  3ixt«en  times  *3  caucli  as  the  molecule 
or  lij^ro^n  gas,  Diat  is,  it  must  weigh  33  m.  c  In  like  manner, 
the  Sp.  Gr.  of  aqueoos  vapor  bein^  9,  and  tlrnt  of  alcohol  vapor 
23,  the  i»oI«cale3  of  water  and  alcohol  must  weigh  18  m.  c.  and 
46  m.  c  respectively.  According  to  the  estimates  of  tlic  late  Pro- 
fessor Clerk  Maxwell,  the  microcrith  is  33  X  10"**  of  a  gramme. 
This  he  regarded,  however,  iw  only  a  Tcry  rough  approximation ; 
and  our  only  object  in  giving  such  a  rude  estimate  iu  this  con- 
nection is  to  persuade  the  reader  Ibnt  in  tho  modem  theory  of 
chemistry  tlio  microcrith  iM  as  real  a  value  as  tliu  gramme: 
Here,  as  elsewhere  fn  ecicnco,  wo  measure  magnitudes  by  units 
of  the  sarso  order.  Wo  can  seldom  determine  with  predaioo  tli6 
relation  between  units  of  suoh  an  utterly  ditl'erenc  order  as  a 
microcrith  and  a  gramme ;  but  chemistry  has  given  ua  the  means 
of  determining  tlie  weight  of  molecules  in  microeritlis  with  as 
much  acairacy  as  we  can  determine  the  weight  of  palpable 

'  objects  in  grammes. 

We  have  said  that  the  half-molecnlar  weights  of  Table  IIL 
were  determined  by  chemical  analysis,  and  it  has  appeared  that, 
however  striking  the  general  agreement,  the  molecular  weights 
thus  determined  seldom  e.xactly  agree  with  those  deduced  from 

I  tiis  specific  gravities  of  the  seveml  Eubstances  in  the  slate  of  gaa 

' «  vapor.  Tlie  student  canuot  expect,  until  more  advanced,  to 
comprehend  all  tho  bearings  of  the  subject,  but  the  following 
con^derations  may  make  the  relations  of  these  two  values  more 

f  intelligible, 

Remembering  that  the  molecule  is  the  smalleitt  moss  of  any 
tobsCance  in  which  it£  quolitie:^  iiiherv.,  and  thorcforu  Uiat  in  a 
ehenucal  prooi.'ss  the  action  must  take  place  between  tite  molo- 

I  eules  of  the  subatancea  involved,  — one  or  more  molecules  of  one 
sabstance  reacting  on  a  definite  number  of  molecules  of  each  of 
the  other  snbstauccs,  and  yielding  a  delinite  number  of  molecules 
of  tho  several  products  which  are  formed,  —  it  will  easily  be  wen 
that  the  definite  proportions  which  obtain  in  auch  cases  (§  8) 
are  simply  tlie  relations  between  Oie  weights  of  the  molecules 
involved  in  the  change.    Now,  in  most  cases,  the  processes  of 
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ebmnicftl  a&Kljrti*  gire  us  tlw  meana  of  detemimiiig  the  defiDiu 
ptoporlioui  which  obtain  in  aiiy  given  chemical  process  with 
great  preoisioD ;  but  tttey  do  not  give  us  the  means  of  discover- 
ing with  eqvMl  oenainty  whether  tibeM  definite  proportions  atand 
for  th«  relative  weight  of  one  or  of  Mvoral  molecules  of  the  aub- 
stancea  invtJved.  Itut  exacUy  this  infonaation  the  specilic  gTa\*i- 
tiea  of  the  eubetances  in  tho  coiiditiou  of  gu  or  %'3por  supply. 
Tliese  we  know  tie  to  each  otlior  as  ttu)  waights  of  Biii};lo  molc- 
cnles,  and  allbougb,  for  the  reuotu  wo  have  referred  to,  tliis 
relation  is  not  precise,  it  i»  near  onougb  to  eoaUu  tu  to  ijit«i^t 
our  nions  ua-uralo  aiiiilvLiad  rc^ulu.  and  to  decide  wboUittr  they 
are  Uiu  ]iruporlioiui  of  ainglu  tnoloouloa  or  tlio  uiultiplvs  of.  tiusuo 
proportions.  Thus,  wbilo  tbooreticolly  tliu  dutvtiiiimitton  of 
ndscukr  weighU  is  baaed  on  the  comparison  of  1})U  wcigbta  of 
equal  gal  volamn,  (iraotically  tlits  cotuparj-toii  only  gives  na 
approximatioa  to  the  tnttb,  aud  wo  depend  on  the  metJiod  of 
(^ouuoal  analysia  for  fixing  the  praetao  value.  Jbloieover,  it  ia 
evident  tluit  the  theoretical  method  of  determining  molecular 
iir«i<;1it  is  only  applicnbla  to  tkoso  aubsUocfls  which  are  capable 
of  ejusting  in  tlie  aeriform  condition,  tbx  greater  nombor  of 
ebeinical  compounds  cauuot  be  volatilized  without  dvoompoat- 
tioa  lu  all  Budi  caaea  we  must  depend  entirely  on  cticmical 
mothoflg  for  fixing  the  molecular  weii^ht,  and  »oD)etim«8  vni  can- 
not be  certain  whether  the  weight  we  assign  to  the  molecule  of  a 
nou-volatilu  subatance  is  the  truu  \'aluc  or  some  simplB  multiple 
of  this  value.  Gonetally.  however, — as  will  be  ehown  here- 
after,—  the  cbcmical  telatioDS  of  tlte  subsUuic«  give  thu  means 
of  deciding  this  questioa. 


QITESTIONS  AND  PR0BLKM8. 

1.  Ara  t)w  qnalitif*  of  a  DoUicaU  of  an;  nlMtnuM  Iba  ma* 
tbuw  which  diatinguiah  iha  aabKaoca  itattf  I 

3:  Wfaal  ia  the  dtstinction  between  eohwion  atid  ndboaioDl 

3.  Whvn  the  iMtumcfrr  MaiuU  at  'H  c  m.,  with  wliat  wHgtit  in 

gnmmea  U  tha  air  premng  agaiatt  each  equate  oeutiiautn  of  nir&cet 

Sp.  Gr.  of  nwKuty  13.996.  Aa*.  1033. 


,§18.] 
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OT 


4.  To  iduit  diiTcmme  of  pnasore  does  t  dtSeteiiM  of  onfl  oetiti> 
tro  ID  tba  baKHDetri«  ot^tnim  conespoodt       Ans.  t3.S96  gmmaiM. 

5.  Whan  «  morcaiy  fcoronaoUir  nIiukU  at  76  c  m.,  how  high  wooH 
water  bMomcAer  stanilT    AIhd,  liov  high  would  hatometon  gtosd 

.  mth  alcobid  or  milphinic  acid,  dwraeudi]^  in  each  caaa  the  tCD- 

lof  Ihe  v&port    Sp.  6V.  of  alcohol  0.61 ;  £^.  (?r.  of  nilphunc  acid 

IM.  Aja  1,033 ;  IfiJH  u>d  55&Sc  m. 

Q.  A  Tolumo  of  hydrogon  giu  wu  found  to  bo  300  c.  ul'     The 
bt  of  the  barometer  obwrrod  at  tho  aame  time  vae  74  o.  m.   What 
woold  have  been  tba  volumo  if  observe  when  the  batorael^r  stood  at 
,7fic.m.l  Auk.  194.7  cTm:* 

7.  A  vohimc  of  nitrogen  itAiuling  in  a  boll-^aM  over  a  mcrcary 
eumatic  trough  miMuund  250  cTliT.'    Tho  baionMitcr  nt  tbo  tiino 
at  75.4  C  ni..  and  tho  lev«i  of  Iho  mercury  in  tlio  bell  was  found 
t>7  miMuureinent  to  be  6.5  c.  m.  above  llie  sutlace  of  tho  toercuiy  in 
tiuugh.    Bequiivd  to  n.-ducu  llie  vdumc  to  Btandanl  prcMure. 
Ana.  The  preciuni  of  tim  air  on  the  Rirfaco  of  tho  morouiy  in  tba 
trangh  (mouurod  at  7<^.4  c.  m.)  waa  babnced  first  hj  tho 
column  of  mercury  in  the  bull,  and  eacondl;  bj  the  tendon 
of  the  confined  gaa.     Uenco  the  pressure  to  whidk  the  gu 
was  exjwoul  was  njunl  to  75.4  —  l>.5  =  68,9  e.  m.,  and  we 
have  76  :  6«.9  =  20O  :  ji  =  22B.7  STni:* 
S.  Wbftt  wouM  be  ibe  anawor  to  the  same  ptoblem.  luut  the  troof^ 

QUed  with  water  t 
Ans.  Tho  vraler  ooluron  la  the  bell  exerttt  a  pressure  which  U  as 
much  lft«  than  the  pnwmn  <if  the  lui^Tcury  column  in  the  pre- 
vious problum  lu  tlio  Sp.  Gr.  of  water  is  Inn  llian  tlie  Sp.  Gr. 
of  mercury.  Hence  we  have  13.0:1=6.5:0.48;  also, 
75.4  -  0.48  =.  74.92,  aocl  7G :  74.93  =  250 :  a:  =  246.4  STS? 

9.  A  dosed  VMSol,  which  displacui  one  litre  of  air,  is  poised  on  a 
'lulanoo  with  treighle,  whom  volume  is  inconsidcmble  nhen  ooinpaied 

with  that  of  the  vwseL  He  balance  is  in  oquilibrium  when  the 
InrometcT  kIuikIs  at  76  c  ol  If  the  barometer  falls  to  73  c  m.,  how 
mtich  vei^t  must  bo  nddod  to  rcntote  the  equilibrium  1  The  tempeilt- 
tore  is  assainacl  to  be  constant  and  ut  0°  C.        Ans.  85  milligmmmee. 

10.  Given  the  weight  of  one  litro  of  dry  air  under  the  normal  con- 
ditions as  14.43  criths.  what  will  bo  tho  weight  of  une  litre  of  dry  air 
at  tho  normal  tvm^-mture,  but  undez  a  pressure  of  73  a  m.  1 

Aus.  13.68  eriths. 


28 


QITESnOMa  AXD   PROBLEMS. 
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U.  A  Ti>liuDo  of  gu  moamrai  600ornr*at  l&°;  wbat  will  bo  it* 
Toloiao  ai  iOi"  f  la  Ifaia  Knd  tha  next  Lhtve  proLknu  Uw  pnman 
ia  awamed  to  1»  ooncUat.  Aiul  1,OuO  STm.' 

Ifl.  To  what  Unpentare  must  ui  open  raaaol  bo  beatod  before  on« 
qtinrtcr  of  tli«  tir  which  it  cuutain»  at  0'  is  dtireo  out  I        Ana.  91°. 

13.  Ad  opeD  roaiol  b  lieated  to  619°.  What  portion  of  the  air 
which  the  TMsel  oo&tttnod  al  0°  nuoaiua  in  Jt  at  thi«  tMupentun  t 

Am.  j. 

14.  A  cloM<l  k'^"*  veuct,  whidi  at  13"  was  fiJkd  with  air  having  a 
ItiuioD  of  76  Q.  m.,  ii  heated  to  &8&°.  XieUmniuu  tbo  bttiaiou  of  ibe 
btitad  air.  Atu.  3  atnuMpbona. 

15.  Beduco  the  foUoving  volumoa  of  gna,  tB«uurcd  at  the  tcmpero- 
lUTH  and  pteaaura  annexed,  to  0^  and  76  c.  in. 

1.  110°  ns?      ff^  S7  0.  m.      t^  13fi°.S  Aju.  70  CV.* 

2.  SWcTK?      JI=Wa.m.      tm   91°  Apa-SOOSTw." 

3.  480"51ii?      /?=38c.m.      (=    68».25       Am.  103  ETiB? 

Ifi.  Vilud  U  tho  woi)^)t  of  dty  air  oonUtned  in  a  glaaa  globe  of 
(40  cTiii.*  oapacity,  at  tlw  tempentiuv  546°  and  tutder  a  pRwun  of 
71.25  cm.  t  Alia.  0.2066  granuDe. 

Genenii  Sotiiio».  —  la  order  to  raaka  the  Mlution  gciwral  we  wiQ 
rc])niaDi)t  the  capacity  of  tho  globa^  the  tenipcntturv^  niul  Ui«  tenuoo 
of  the  air  b^  V,  (,  and  II  respoctivoly.  Wo  can  also  rwly  lind  from 
Table  IIL  tb.it  one  cubic  ceDtimotn)  of  dry  air  weigim  0.014(3  crilh, 
or  0.001S93  gTamme,  when  H  =  76  c.  m.  aud  ("  =  0.  Tlie  w«i^ 
of  V  cubic  centinietru  of  dry  air  at  any  other  tempecatuie  and  tenairai 
i*  then  at  oiiee  dedu«al  bom  [13], 


W  =  0.001»3«.ji?J-,.V. 


n»] 


We  ranat  next  take  Into  ooiuidention  the  change  of  capacity  of  tho 
glara  glube  dun  lo  the  chan^  of  l«mperaltite.  This  otuaea  no  aenoihle 
cmr  wbrn  tha  change  of  tonpcmton  i*  tmiM,  but  irbeu  the  chon^  ia 
laivo  ita  aiTvot  tsiut  be  eoDai4«n>d.  If  tlm  rapncity  u  V  c.  m.*  al  0% 
at  C  it  baeomea  V  (I  +  (  0.00O025).  at  l«««t  »eiy  nearly  for  onlinaijr 
^aaa  [7}  tutrodocing  thU  ralue  for  V  into  ibe  above  oqiution,  vs 
jhMain 

W  «  0.O01S93  ^ .  j^p|-j  V  (1  +  1 0.00002a). 


I 
I 
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Tho  coneeponding  ireipbt  of  pura  di7  hjdrof;en  ftn*  niAy  bIso  be 
fonod  tjj  the  aamo  fumuhi,  odIj  in  that  oaM  0.0000896  most  be  sub- 
stituted fur  0.001-293. 

To  fucitiUkC«  colmlutiuu  hy  lugwitlims,  tho  formula  niaf  be  CMiiy 
bniuglit  iiiti>  tlw  fuUowing  form  :— 


For  air 
Vr  =  7.GGT0 
For  hyJrogun 
Vf  =  6.5077 


+  log.  H  +  ax.  ea.  log.  (273  +  0  +  log.  V 

+  log.  (1  +  *  0.000025).  [Iff] 


17.  To  fitid  the  Sp.  (Sx-  of  a  vnpor  by  Dnmas's  mMbod. 

Sofulian.  —  Tho  «j»;cific  gravity  of  B  mpiir  hits  Ihicii  defined  as  its 
ivoigbt  compared  with  the  weight  of  tbn  same  vohimo  of  hydrogen  gaa 
under  the  aanie  conditiooa  of  temperature  and  preaaure ;  but  practi- 
ctUy  it  b  moMt  convcmbitt  to  determine  the  specific  {gravity  with 
nfeicnee  to  air,  ruid  snbveqnciitly  to  roduco  tbo  result  to  tliu  hydrogen 
itandanL 

To  find,  tben,  tbo  Sp,  l&r.  of  a  'rapor,  ire  muitt  aMcrtain  tbo  freight 
of  «  known  volume,  V,  at  a  known  iempwatiirc,  (,  and  nnd«r  «  known 
preaonre,  H,  and  divide  tliis  by  the  weight  of  Ibe  eame  volume  of  air 
Kt  the  taine  toiiipemture  and  under  the  same  preaaure.  The  method 
may  best  be  f^xpUinod  by  an  example.  Sii]i]i«ie,  then,  tint  tvn  tri.th 
to  aecor(«in  the  Sp.  ©t.  of  nkohol  TajOTr.  We  take  ■  light  glass 
globe  having  a  capacity  of  from  400  to  500  cm.*,  and  draw  the  neck 
out  in  the  flame  of  a  blast  lamp,  so  as  to 
lenvi!  only  a  fine  openlnji;,  aa  shown  in 
tho  figure  at  a,  Wc  thnn  weigh  tho 
globe,  »etting  it  on  the  balnnco  pan  with 
its  month  open.  Thia  gives  ns  the 
weight  of  tlio  Klaaa.  wliifh  wo  will  reprft- 
nnt  by  VV.  Tlie  wcond  iit«!p  is  to  ascer- 
tain the  weight  of  tlie  filnbc  filled  wiMi 
alcohol  TBpor  at  a  known  torn  pets  Hu..' 
and  under  a  known  prwaiire.  For  thia 
purpuM  we  introduce  into  the  globe  a 
few  gmmiuca  of  pure  alcohol,  and  mount  it  on  the  support  repreaentcd 
in  tbo  accompanying  Hgure.  By  looiteniug  the  Mcrow,  r,  wn  nent 
rink  the  tiallonn  beneath  the  oil  contained  in  Die  in^n  v<-wrl,  V,  and 
aecore  it  in  thia  podtion.     We  now  slowly  raise  the  tonipcntuie  of 
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Ih«  oO  1«  betwwD  300°  and  400*',  which  vn  obaene  hf  mmnit  of  tbo 
itMrnotaelar,  T.  Tlie  alcohol  chaagea  to  vapor,  and  driVM  out  the 
air,  wliich,  witli  th«  «xoc«  of  rapor,  eaoa{>M  at  a.  When  tlw  balh 
Imh  atuliwl  tbo  nqiiisito  bnpentuv,  «a  doM  tlw  opetung  a,  bj 
•BchlBiily  melting  tbo  end  of  tbo  tab*  at  a  vith  «  noutli  blowpipe, 
and  u  nearly  aa  poariblo  at  tho  nm«  moment  obacn-o  tba  bampcn- 
tnra  of  the  batb  bikI  the  height  of  tJte  baromater.  I«4  as  raprtmnt 
tlm  t«mii«rature  and  t«mioii  of  tho  Ta|>or  at  tine  moment  the  globe  was 
■Mied  by  i'  nitd  B'.  Wo  hare  uow  in  tlui  globo  an  amount  of  atocrfuil 
whom  vnpoT  jtut  fillixl  tbo  interior  tind«r  these  conditioM,  and  eisM 
the  globe  is  henneticallj  aoaled,  ite  weight  cannot  cbaD^e,  and  wa  tan 
Ibenfofe  allow  it  to  cool,  clean  it,  and  weigh  it  at  our  luivum.  Etj* 
deotly,  liowovoT,  the  appaicnt  weight  of  tho  g^a  and  alcohol  abowa 
bf  tbo  haUoca  is  not  the  tme  wei^t,  becauw  the  globe  i«  biio7«d  «p 
by  tho  air  it  diiplacoa.  The  next  atep,  tboiefons  ia  to  find  tbo  wdght 
of  this  air,  and  in  order  to  do  this  wo  must  know  the  Tolume  of  Ilia 
^obe  and  also  the  tempemton  and  presstue  of  the  air  in  llto  Ixdanoe 
caae  at  the  time  tbo  wdgbt  was  taken,  litis  tnapcratuTs  t  and  this 
prawnro  H  having  beos  obaervcd,  to  find  tbo  volnmo  of  the  globa 
we  brook  off  tJw  tip  of  tho  tabe  (a)  nnder  dtttiUod  water,  which  bw 
htta  pteriodsly  boiled,  and  cooled  in  a  tightly  (arked  flask,  in  ordtt 
to  pnvent  the  fonoatioD  of  air-bobblte;  the  weight  of  tho  globt 
filled  with  water  is  next  found  in  gtanunes  on  a  eonne  boUao*,  and 
mbtruting  from  this  wei^t  the  known  wdght  (W)  of  the  glata,  wa 
bare,  in  cnhic  centimctn^  the  rolame  of  the  iut«noT  of  tho  glolM. 
Beprteent  tliis  by  V.  Having  now  the  data  V,  K,  and  t,  wo  find 
Cnm  [IS\  tbo  weight  of  the  air  displaced  by  the  globe  less  that  d» 
dIumI  by  the  glass.  Of  the  laot  it  is  not  neeeesar}-  to  take  aooonnl, 
M  It  is  to  a  great  extent  oomponsatod  by  the  displacement  of  tbo 
hum  wef^ita.  f f  we  call  (be  weight  of  the  displaMd  air  W",  then  the 
veiglit  of  tlw  aloobol  whose  vapor  filled  the  ballooD  at  f  and  H'  was 
W'  (•Moot  wvight  ot  ^ohe  and  alcohol}  -f-  V!"  (wdi;ht  of  air  ^»- 
llwH|t  —  W  (weight  of  gbcs).  U  only  remains  uow  to  lind  by  [14] 
Uto  MlfkA  of  Bn  oqul  volume  of  air  at  tbo  same  tcmpMnturc  and 
pimmtt,  l«>kfi>ft  if^  flccouDi,  of  ootuse,  tbo  incnaaed  toIiiiuo  of  the 
^•ie  at  tU  bigh  tetDpemtui«.  Bepresenting  this  last  weight  by  'V"', 
•■  Un  fiHAQy, 
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1st.  Asc«rUiD  the  Op,  (&r. 

of  alcohcd  vapor  lhi>m  the  fullowing 

dsta:  — 

Weight  of  (;k8a  f^lobc^ 

W 

00.804  gnnimcM. 

Bcj]^l  «f  barometer. 

H 

74.7$    oanUmatn*. 

Tnopomtarv, 

( 

18» 

Weight  of  globo  nd  rapor. 

W 

50.834  gnunmoi. 

Hnght  of  barometer, 

H' 

74.76    contiiuetTQs. 

Tompeiututev 

(' 

167" 

Volumo, 

V 

351.9    cabio  c«ntimetrra. 

The  colcDlolioQ  may  tako  the  foUowiag  form :  — 

'                        Kot  W". 

ForW'. 

Conalaat  log.                   7.5670 

7.C670 

H=  74.75  log.               1.8736 

H'  = 

=  74.76  lofr                     1.8737 

i73  +  t  =  201  u.  col     7.536L 

273  +  ('  =  440  a.  co.  log.     7.3565 

V  s  351.5  log.               2.8469 

2.5459 

W                     0.4194  9.6226 

(1  +  167  X  0.000025)  log.    0.0017 

W                    B0.824 

W" 

log.                                9.4448 

"W+W         51.2«4 

(W"  +  W  -  W)  log.            B.6429 

W                     5n.i«i4 

W"+W-W   0.4394 

Sp.©r.  =  1.578                  0.1981 

Sd.  AaMrtaiii  lliu  9|l.  Or.  of  coii)[ihor  rapor  tzam  thfl  foUoniag 

datft:  — 

Wfiiglil  of  giftta  glcibci, 

W 

50.134  gRuumea, 

I[Mght  of  l»roiD«teT, 

u 

74.3       cniiticiietrea. 

Teniperalure, 

t 

\Z\S 

^^Wdgbt  of  globe  oud  vapor, 

w 

&0.842  grsmmtw. 

H^Beiglit  of  boiuiQUlvr, 

n' 

74.2      ceatimotna. 

Tciupcratom, 

(' 

S44» 

^^ohnn<v" 

V 

395       cubic  centiin^trea. 

Ai>».  5.373. 

'  Ob  miiog  Hlb  glotw  witli  vntcr  in  ttie  mannor  abore  d«aerflwil.  it  nmally 
''kappeaa  tbat  a  nndl  bubbln  i>p]icarii,  (boving  that  the  olr  wm  not  conipltUly  «X- 
(tUad  \j  tb«  rapor.  U  ilia  vAamr,  ot  Hiii  biibhU  ii  more  tbrni  tint  or  too  cabio 
cmtJmrtiv*,  the  ■mmet  tliouli!  Ik  inraanr^,  and  Ibe  viltie  of  V  diuiitiiabid 
bj  tbe  nloBM  whicti  llie  buhMp  mtut  liave  had  it  lh«  time  ot  wnling  Ibr  globe; 
^  it  ii  criilrnt  t}int  thr  nrailoblo  voluEnv  of  Iha  globo  vta  IcMenw)  b^  tUa 
amottBt.  Since  now  "b  hnre  given  t  and  11'  umi  nm  obeerrn  [  and  n.  —  tha 
Umpentata  and  ptranrp  at  which  lb*  nnall  rtaldgal  wlmpaef  alrlaiaaaiiirid,^ 
,  nt  can  eaiQjr  calculate  br  (11|  tha  totractioD  n»}iiin4 ;  and  thia  nmat  U  aot^ 
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1&  To  6ad  tbo  ipwifio  gmTity  of  «  Tapor  b7  Hofmaan's  nwthod. 
In  this  metbod  w»  observe  the  rolatao  ui<I  tcDsioD  of  tbe  mpor 
whicli  ft  woiglMid  aiooiint  of  aubetoiKe  fonus  at  a  defiiiit«  tempentum. 
It  is  then  cuy  lo  ciUulats  bj  [14]  the  wcjgbl  tit  sa  equal  vultuni} 
of  air  noder  tlie  lomo  entiditioni. 
The  Bppuatiu  comairta  of  a  wida  baraawtar  tube  abeat  a  nwtia  long, 

and  gradusLtod  into  cabtc 

cottunatna.    Tbi*  tuba  ia 

flQ«d  with  moientr,  and  in- 

Tert«d  over  a  toeicury  cia- 

t«ni,  aa  in  the  axperii&afil 

of  Tonicolli.    Tbo  memifir 

iinks  of  coutM  lo  tba  butglil 

of  about   76   centimcCra^ 

laaving  a  vncuom  fpaxA  at 

tbc  top  of  tbc  tube.  Around 

tho  baroiD*l«r  tube  ii  ad- 

jtut«d,bjmu]»of  a  rubber 

Blopprr,  a  aana* 

wliallargortaba, 

alao    fif     ^aaa, 

wlucb  BOrrca  a* 

■   jacket,    and 

throngh  this  ia  passed  sttam  (or  tli«  rapor  of  a  liquid  boiling  at  a 
hitler  t«nipefatun>  than  wiit«r)  in  oid«r  to  heat  ths  appaiatos  to  a  con- 
stant and  known  tcmpentoto.  Th«  appamtus  having  been  anani,-^!  u 
tDprcsontvd  in  oar  figure,  —  with  a  catbetomcter  tat  noasuriait  tba 
iMif^t  of  the  mercoTT  eoloBin  al  lla  aid^  —  a  fav  deetgraniiDas  of  sab- 
atooee  are  weighed  out  as  acciiRil«ly  as  poaaUe  in  a  vttf  small  0»m- 
s(opper«d  boiUe,  which  is  then  paNwd  ander  the  roercnir  into  the 
baKKneter  lube.  Tbe  bottle  at  onee  rises  into  the  vacnoiu  space,  wli«n 
Ilia  Tolatih}  snhstance,  expanding  with  tbo  b«t  and  foreing  out  the 
atoppar,  araporalea  into  the  space  above  th«  raorourjr,  and  doprMaee 
theoolnnn. 

tneled  fram  Dm  toUl  mUe  eanUtnU  of  the  nloto  to  ofataiB  Uit  mhn  of  T  wWiih 
bub*  ntd  ia  Uw  kbow  oalonUlioM.  The  eamttiai,  hawwtf,  is  aMnnha 
meotala,  sad  >lum1>l  U  aniutMl  a*  (sr  u  posiU*  bjr  sdaptios  llw  Me  ol  the 
|lobt  to  tbi  ^eaatatr  of  UqaM  whitk  ii  araiktile  for  the  iktsnninstiaci,  sad 
anUiiiit  uir  Mnclvktiem  in  tlM  tMBpMatnn  of  th«  Uth  hf  wUck  air  n»ight  be 
diBwn  back  fata  ihs  jtlotM. 
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We  hjiTe  now  a  known  wuight  of  vapor  at  a  known  t«mpcnktait!,  Mid 
we  aX  oauo  nail  off  iho  volnmn  )>y  umnt  of  tlui  gradaatioDs  on  the 
banunMer  tube.  Umnainsonly  to  find  ih  t<Tn«ioii;  and  ainee  tliia  tea- 
nloa,  added  to  the  pnaate  i>f  tlio  column  of  mercary  in  Ute  barometer 
be  of  lhl^  appantna,  eTideoLly  baWces  the  preaaum  of  Lli«  atinosjilicR^ 
tbo  vidua  m|uittd  can  be  eaailj  calutiktcd  when  wu  know  Ibo  hutglit 
if  tiifi  WMTcuiy  colurau. 
Xhia  bnght  ia  now  nioMiired  trith  the  cathotom«tcr,  nmd,  aftrr  n- 
ndng  it  to  0*,"  wo  subtract  tlio  amount  from  the  beigbt  of  a  nei^ 
ing  baromei«r  reduced  in  a  euniUr  way. 

We  know  now,  besides  the  weight,  W,  and  tlie  Tolume,  V,  of  the 
,por,  also  iU  t^inpetaturo,  (,  ami  iU  tenuon,  11,  and  vie  can  calculate 
J  [H]  tbc  iriiiglil  of  an  ctiual  rolumo  of  air  under  tlw  wmc  con- 
ditiooa. 

If  we  call  Ihia  weight  W,  we  have 

Sp.  ©r.  =  W  +  W. 

19.  Kequired  the  Sp.  C5t  of  common  cthor  when  in  Ilofauuin's 
netlind  tbo  tube  i*  liuutod  with  free  ateatn.  W  =  0.320S  gniuimu. 
V  =  125c:^:*    H,  =  76.    A,=  19. 

Sohilkn.  —  Constftttt  log. 

H,  -  A,  =  5T  log. 

273  +  (  =  3J3  ar.  cot  Ic^ 

V=  125%. 

(I  +  100  X  0.000025)  log. 


7.6670 
1.7S59 
7.4283 
2.0969 
0.0008 
8.9489 
9.3617 
0.4128 


W  =  0.2300  log. 
An».   Sp.  ©r.  =  2.587 

20.  Rwjuired  thi.'  Sp.  ©t,  of  chloroform  Tapor,  wh«D,  a»  in  taut 

[example,  (  =  100"  and  also  W  =  0.2500  enmme-    V  =  110  ITia* 

,  =  75.62.     k,  =  32.25.  Ana.  Sp-  ©T.  =  4.20. 

'  TliU  ttdacHon  i«  (alcuUtrd  by  memt  of  Ui»  fortnnk  H,  =  H  —  H  ^^'^^  and 
I  tli«  lint  ttrta  ia  th«  correction  vIii<iU  tniiit  bn  lubtnu-.ted  (rem  the  obwnvil  lini^ht 
la  OTiW»  to  Rduea  Ihc  obnrratiom  to  0*.  that  in,  lo  fiiiJ  tlm  hfifihl  which  Iho  col- 
tmtB  wouM  b*m  bad  If  tha  l«in)^tatUM  ot  the  mcnvry  alone  hud  b«"ii  ten.  The 
principU*  iiii-olvoJ  ar»  fiplniaed  la  Chcm.  rhy».  (261),  and  fn  the  mnnj  wrk  ■ 
tabic  b  fpTcn  fram  wliioli  llw  cotmcUoii  fur  th(<  bnnin»>Ur  nuy  br  nbialnnl  by  lii- 
aptetlon.  it  in  BHumed  Ui&t  tbe  livlghta  of  the  baroucter  givun  above  l»ve  been 
1  in  thii  usjr. 
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31.  Fiad  tha  Bf,  <&i.  of  aoetto  acid  npot,  aaing  in  ITofuuuiit'v 
metbod  (be  vapor  of  hoiiing  aniliiM,  B.  P.  =  ISS**,  to  Imt  Ui>:>  talMi. 
WwOaSfiOgwumei    VslSToTm?    II,  =  7C.80.    A,  =  39.C0. 

Auk.    Op.  et.  =  2.0SG. 

22.  To  6nd  tlt«  0|i.  <&t.  of  a  npor  hj  tho  nie^>od  of  Ttntor  M <ij«t. 

If  a  known  amount  of  »ome  rolatUa  nliatanoe  is  roddonly  ilnpiwd 
into  an  a|«]»ro]»riat«  T«eset,  ltc«t«d  lo  a  constant  tomperatui«,  wliicb  b 
niflicicntly  btgli  to  convert  tbe  Bubtitance  tuto  dw  aeriform  condition, 
it  is  obrioas  Ihnt  tliif  nibitaoce  in  volotiliriii^'  v-t1l  cx|k:1  from  tbe 
Teasel  a  qaantity  of  air  wbich  mart  bn  the  exact  oi|uinIciit  of  tlm  ro\- 
nme  of  rapor  fonn«d ;  tbat  n,  an  amount  of  air  wbich  at  tbi<  nnknovn 
tempemtun  and  {iResQK  is  tbe  vesaH  would  just  (111  llie  sjnoe  of  Ibo 
tmpor.  RenM,  Uwn,  the  9]t.  I&C.  ot  tbe  vapor  is  tl>e  knowu  WMgbt  of 
the  mterial  usnl,  divided  by  tbo  vciglit  of  tlte  air  oxpdiud.  Tbt 
pi>>blem  ie  (bus  leduood  to  HixliDg  Ui«  vright  of  tbo  air  rjcpi^tlej,  and 
is  wholly  independent  of  tbo  t«iupmataTo  and  valnnw  of  the  roawl, 
which  may  nmaiu  unknown  quantities.  'VTe  bare  only  to  collect  tho 
ur  over  a  oommon  water  pneomatlc  tnuijih,  and  meaaure  ita  ii>lnma 
under  the  conditions  of  tvmpomtuni  and  prmsiirc  in  the  laboratory  at 
tbe  time,  and  bom  them  data  we  can  easily  calculat«  the  weight  le- 
quind ;  or  If  th«  material  unda  examination  is  liable  to  oxidation,  tbe 
VCMcI  may  be  ptevioiuly  KUed  wCth  attrogen  or  tmma  other  fnnrt  gna, 
since  tbo  vchimo  of  Mich  gitt  will  be  tlw  ttann  o«  the  voltimc  of  the 
•It  under  the  mme  circuniBUiKxa. 

The  apporatua  that  may  be  oMd  in  noet  casta  is  represented  in  the 
aooompaiiyin^'  fi$^n-,  which  is  drawn  to  scale.  Tbe  bulb,  h,  bas  a  cap*- 
city  of  about  IdOc,  in."  and  is  about  20c.  m.  loni;,  and  tbe  (daas  tuba 
to  which  it  is  idtacbed  is  about  60  c.  m.  long  and  6  m.  ra.  wide.  Tha 
upper  end  of  this  tube  is  closed  by  a  rubber  stopper,  while  to  its  «do 
is  anit«d  the  very  narrow  tnbe  a,  wbi«b  condocta  tbe  expeQi^il  air  to  a 
pneumatic  trough.  By  means  of  a  wire  i;uanl  tbe  bulb  ia  prereuteil 
from  loucliiii};  tbe  siiles  of  tho  iron  lialb  in  which  it  b  Itnat4.-d,  and  a 
small  amount  of  uhcalos  at  the  bottom  of  tho  bnlb  serra  to  break  tho 
bU  of  the  small  weighing  tube,  holding  the  weighed  substance,  which 
is  dropped  in  at  if.  The  iron  bath  is  made  of  a  short  p^ece  U  two-inch 
Raa-]rtpe,  clijsed  by  wcJdln^  at  the  bottom,  and  xipportod  on  a  tripod  vt 
nch  height  that,  while  the  trifxd  stoml*  on  the  floor,  tb><  pneunintic 
ttoogb  may  idsI  on  a  table  of  medium  heigfaL  In  tho  both  may  be 
uaed  paraBlne  or  a  molten  metal  as  cireumetaiwes  re<)uir«,  and  ita  t«a^ 
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|>eiBture  is  tnaintaiiied  by  );a*-bunMn  man  otlmtfnnrM  according 

to  tlku  wmpcniuro  rvquimL     In  »om«  later  axporineiite  iltjti  owd  t 

poreebb  tcmdI  iumUA  in  Uio  miilHft  of  a  gM  fur^ 

itaco  to  n  tatnpantun  bctwcon  tho  melting-points 

of  cast-iron  and  steeL 

A[l«r  the  batti  has  been  hcftt«d  to  tbo  tl«gr«e 

leqotred,  and  its  teaipciuLon:  )i:u  Lucuuiu  CQHstant 

(«  oonditioii  wUcb  is  indicnt«d  by  th«  &ct  that 

babbles  of  gag  cease  to  escape  itom  tbo  open 

Dioiitb  of  (he  tnbe,  wbile  at  the  uuue  tium  thvro 

ia  no  tendency  in  the  water  to  reoedv).  ibo  ncccfr 

wry  obMiTaliuiiit  are  'mude  iu  a  vt^i^'  ttattilo  way, 

Tbu  Rtoppcr  ai  J  i»  icmovvil.  and  th«  tabe  cod- 

tainiog  the  weighed  eubstsnce  "  dropped  to,  vhcB 

instantly  the  stopper  is  roploc^    The  foir  bub- 

Um  of  air  diapbcud  by  Llie  stopper  ora  of  course 

nt^cctml,  but  the  air,  which  soon  begins  to  stieani 

over  in  ootisequence  of  the  rolatilixatiou  of  tlio 

ntsteml  iptroduood,  U  coUL-cted  avti  wuter  in  an 
I  oidinary  gmdnated  tube.  Tlio  i!X[>criinont  is  soon 
^_  g""*"*^  and  the  stopper  d  mast  then  be  removed 
^^B  to  prevent  any  recession  of  the  water. 
^H  It  Knmins  only  to  ineosuse  l)iu  toIuuo  of  tho 
^Hair  in  the  gradnati-d  tiibn  with  Uio  imiul  prccau- 
^H^tions.  For  this  putposc  the  tube  is  tnuisforrcd  to 
^Ffi  cylindrical  glass  veesfl  of  water,  and  held  by  a 
^H  clamp  iu  a  vertical  poMltun,  su  that  the  wat«r  ia 
^H'Bt  the  sanio  level  within  and  without  the  tube; 
^^  and,  as  Mon  as  an  oqoilibritun  of  temperature  is 

attwoed,  we  observe,  1.  the  volume  of  the  air.  3.  the 

tcmpemtuttt  of  the  tur  (neeostarily  the  saui:  iu  that 

of  the  water  confining  it),  sad  3.  the  height  of  a 

oeigbboring  Inronii^ter.     Ws  have  now  V,  ll.a^d 

(,  from  which  wo  easily  calculate  by  [13]  the  cor- 

icsponding  weight  of  the  expelled  air.     But  in 

:ng  this  cslcoktion  we  must  nmember  tbit  the  air  when  mew- 
is  satuiatcd  with  moiHtnre,  and  therofoie  that,  in  order  to  find 

Thv  nmouat  ot  nUtuiM  tdccn  should  aot  mere  than  half  GU  Uw  v«m«1  i 
I  with  twpor. 
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Ifao  tnis  tention  of  tito  eonAnod  air,  wo  must  subtract  from  the  re- 
ducotl  heigbt  of  Uio  baiom«ter  tbc  maximtint  Untion  of  the  vapor  of 
water  at  tbo  t«mp«ntara  (  (Ohcm.  Phys.  31 S).  K«preaetitu^  bjr  A 
this  t«Dsioa  (which  u  to  be  tak«Q  from  tablai  fonod  got  on);  at  toe, 
eiL,  but  also  ill  all  works  ou  met^onlo},-}-),  and  unbatittiting  foi  U  in 
[13]  iho  value  U  —  i,  wBobt«ia  for  tlw  wi-ight  of  tli«  dis|Jaced  ftir, 


W'=  0.001293 


76 


t72 

!r3  +  ( 


V. 


or 


log.  W  =  7.0570  +  log.  (H  -  A)  +  ar.  C*.  log.  {273  +  0  +  log.  V, 

ao<I 

log.  S|L  Qt.  =  log-  W  —  log.  Vi '  =  2.3330  +  ar.  CO.  log.  (H  —  A] 
+  log.  {273  +  0  +  "T-  «»■  log.  V  +  log.  W. 

23.  Find  tlie  9p.  Or.  of  carbonic  ditulphido  Topor  by  MbtsA 
nctlwd  (taken  in  stixua  batb). 

W  ~  0.0495        t"  =  18.6        H  «  7I.T8        V  =  16,4 
A  =  1.40  Ads.   3.G7. 

Si.  Find  tb«<  Sp.  @r.  of  th«  Tapor  of  snonioua  oxide  (tskcti  at 
temperature  of  molten  caa^i^OD). 

W  =  0.0130        f  K  15.4        n  =  72.33        V  =  17.8 
A  =1.90  Ana.   0.84. 

3S.  Find  Ibe  0|i.  (St,  of  xylol  npor  In  a  both  of  vapor  of 

aniline. 


W  =  0.0715 
A  =1.35 


("  BB  18        H  =  72.38 


V  =  16.5 

Ana.   3.79. 


26.  Find  tlie  Sp.  <St.  of  iodino  vapor  (taken  In  a  bntti  of  the  npor 
of  amy  Una  bcnao«t«). 

W  =  0.II67        C  =  10.1        H  =  72.23  V  =  11.6 

A  =1.38  Ana.   8.73. 

S7.  find  tbc  8p.  (5r.  of  mercoi;  vapor  (taken  in  bath  of  molten 
IbhI). 

WsO.OMS       C=16       H-7U8  V-IU 

A  =1.3:1  jlna.  6.97. 
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28.  Find  the  Sp,  (9r.  of  aulphuf  v^Kir  (taken  is  a  iMth  of  rac^toii 
lead). 

W  =  0.1030        (°  =  16        H  =  7I.a8        V  =  13.9 
A  =1.35  An*.   6.58. 

39.  Find  liib  6{i.  <&t.  of  enlphur  vapor  (Uk«a  in  tbe  muflt«  of  & 
gtt-funMce  ai  l«m|>«ratui«  above  tbat  of  moltoti  CMt-iion). 

W  =  0.0267        t"  =  1C.5        H  =  72.28        V  =  10.8 


A  =1.40 


Ans.   2.17. 


SOl  Fiod  the  0p.  (Qt.  of  tbo  vapor  of  aiseiuoaa  oxido  (taken  at 
Utnpcrature  of  molton  ctut-iron). 

W  =  0.1583        (*  =  15        11  =  71.78        V&lO.l 
A  =  1.27  Am.    1178. 

31.  It  U  knoiTD  that  1  part  of  hjrdragen  gas  combiiws  with  8  pat* 
of  oxygon  gits  to  form  9  part«  of  water ;  thul  I  part  of  hydrog^en  gaa 
corabines  with  35.5  parts  of  chlorino  gaa  to  form  36.5  juuU  of  lifdro- 
chlorie  acid  gas ;  tbat  3<i.5  porta  of  liydTochloric  acid  gas  combine  with 
1 7  parts  of  anmioiiia  gaa  to  form  fi3k5  parts  of  ammooiic  cHoride ;  tiM 
14  piirta  of  ulefuuit  gns  oonilMiie  with  35.K  porta  of  dilorlnB  gaa  to  form 
•  4y.5  patta  of  cthyloDo  chlorido ;  that  147.5  parts  of  chloral  combioo 
wiUi  18  parts  of  water  to  form  165.5  parts  of  diloral  hydrate.  Com- 
pare these  experinwDtal  resultd  with  the  gas  or  vnjKir  deiuitiea  of  th« 
same  mbrtances,  and  show  that  from  these  data  the  exaict  molecular 
vdghta  of  the  ttcrnml  anbetanctu  may  be  deduced.  In  tnakiog  com- 
parison  vaa  Tnblo  Ul. 

SoTK.  —  Wt  IwTc  not  dwelt  in  thU  r)uipt«r  on  Uie  corrMtion  of  gu  mlamN 
tor  the  hnuioa  of  uqiiNiiii  vwpor,  twanw  inJl»f  umion  of  the  prindplii  iiikiIvkIiIom 
not  oomo  withia  Ih«  *:npA  of  iinr  wnrk.  Ttiii  comotion  beDomi-a  of  gnat  impor- 
tue^  bomnr,  vtiMi  ■  gaa  Tuluiue  in  nwuurod  orer  tralcr ;  and  It  la  Ottoutiol  (or 
aoMuacj  tliat  a  Tolnmo  of  pa  to  Ix  mawnnd  xIkiuI<1  tlUiPr  In  perfectly  diy  M  else 
•itiint«l  *it{i  vapor.  1/  dry,  no  cornuUnu  U  mjiilrtd ;  but  if  uturatiil  with 
npor  <u  Iho  gu  will  Iw  if  it  itanda  for  u  (r«  MiDUIu  in  ranuct  witb  wvtirrX  tbo 
tHBpnatai*  muM  ba  carrfully  otavrrod,  and  tlio  majtintim  laaim  of  utnopn* 
vapor  at  tk»  g^vm  timi]Kraiuta  >ublnoU>l  froBi  tho  otwrvad  tanuon  to  &iul  iha 
tnw  tenaioa  of  the  gai.  Tabl»  girin^  Ui«  maiimiim  tviuion  of  •qaooni  npor  at 
difxcnt  t«aap<'r«lum  irill  be  fonnd  in  tli*  authoi'a  worlc  on  Cliciniual  Fhyiia, 
aad  in  that  boolt  {i  339)  thi>  wholo  aotyevt  a  fully  diacuaatd. 


CHAPTER  rV. 


ATOMS. 


19,  Dvllaltloa.  —  As  has  been  already  stated,  tbe  molecuhr 
theory  assuiaea  that  bo  long  as  the  identiiy  of  n  substauua  is 
preserved  ita  molecuka  remain  ODdivided ;  but  when,  by  ooroe 
chemical  change,  its  idoulity  U  loet,  and  new  aabatanoes  an 
formed,  the  ibeoiy  supposes  that  the  molecolea  themselvev  an 
broken  np  into  still  smaUiM-  particles,  which  it  calls  oIomia 
Indeed,  it  regards  tliis  divi»iou  of  tbe  taolecules  as  the  v«iy 
essenoo  of  a  chemical  ohaaga 

Tho  word  "atom"  is  denvml  fmin  a(priTatiTo)and  rtfom  (lont)^ 
and  KcnIU  a  famous  controvei9y  in  re^urd  to  the  infiaito  divisi- 
bility of  matter,  which  for  many  centuries  divided  tho  philoso- 
phers of  the  world.  But  cheniistiy  docs  not  deal  with  this 
xaetaphysical  <ineation.  It  asserU  nothing  in  regiird  tn  tlie  pos- 
sible divisibility  of  Eoatter ;  but  its  modem  theories  chum  that, 
pnu-liudly,  tlii«  division  is  not  carried  beyond  a  limited  extentt 
and  that  wv  then  rcacli  particles  which  cannot  be  further  divided 
l^  any  chomical  process  now  known.  Tbe«;  aro  the  chemical 
atoms,  and  tlw  atom  is  simply  the  unit  of  Utc  chemist^  just  as 
Uhi  molecule  is  Ute  unit  of  th«  physicist,  or  tho  stars  are  tj»e 
units  of  tbe  a.sCronomer.  The  nmlecule  is  a  group  of  atoms,  and 
is  a  unit  in  the  microcosm  of  which  it  is  a  port,  in  the  niM 
sense  tbat  the  solar  8yat«m  is  a  unit  in  tbe  great  stellar  uuiverya 
Ute  molecule  has  been  defined  as  tlw  smallest  particle  of  any 
substance  which  can  exist  by  itself,  and  the  atom  may  be  now 
defined  as  tb4  tm«UU$t  mast  of  on  €itmeni  liuU  txuU  in  any 
maleaUe. 

^Vben  a  molecule  breaks  up^  it  is  not  supposed  that  the  atoms 
fall  apart,  like  grains  of  sand,  but  simply  that  they  arrange 
themselves  in  new  groups,  and  thus  give  rise  to  die  formatioin 
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trf  new  subetanccs.  Indeed,  as  a  rul«,  the  etoms  aui»A  ftxist  iA 
A  free  HaU.-,  und  with  few  exccptioits  every  moleoole  ooDsisU  of 
least  two  utoiiia.  TliU  ia  true,  even  of  the  cbeniical  elements, 
lie  diOeieace  betveen  tbe  molecules  of  au  elemental^'  Hubst^inofl 
•nd  Uiose  of  a  oompouiiii  U  mBi%ly  tliU,  tbat,  n-hile  iiits  tirtt  an) 
formed  by  the  tuiion  of  atoms  of  tbc  some  kind,  tlie  liutt  com- 
prise atoms  of  different  kiudii.  Th«  luoleculea  of  oxygen  gas 
we  atomic  aggregates  as  vvU  as  tliosd  of  vater,  only  the  mole- 
cules of  oxygen  ounsist  of  oxygen  ntonis  alone,  while  the  nic^ 
oules  of  watf  r  lontnin  butii  oxygvn  and  liytlm^n  atoms.  Sach  at 
least  is  the  coa^tiUiltun  of  most  elemental^'  eubetuticcs.  Ki'ver^ 
tholesH,  in  Ute  ctt.se  of  mercury,  xiue,  cadmium,  and  some  other 
metallic  vlenienia.  the  molbculo  oon&iste  of  but  one  atom,  or,  in 
oUtei  wuixls.  in  these  cases  tlte  molecule  oiid  tlie  atom  are  the 

20.  Atomio  Weicbta.  —  There  must  be  c\-idenlly  as  many 
of  atoms  as  tliere  ara  elemental^'  iiubttnnue:^ ;  and,  sinoc 
suhstanoes  always  unite  in  definite  proponinns,  it  mnst  be 
also  true  tlukt  Uie  elementary  atoms  have  deSnite  weighLt.  This 
once  assumed,  the  taw  of  multiple  propoition.^,  as  well  as  titnt  of 
definite  proportiona,  becomes  an  esaeiitial  part  of  our  atomic 
tlteory ;  f<«-,  since  the  atoms  are  by  definition  indiriaible,  the 
dements  can  only  combine  atom  by  atom,  and  must  therefore 
anite  either  in  Urn  proportion  of  tJie  atomic  weights  or  in  some 
Rimple  multiples  of  this  proportion.  We  have  no  positive  knowl- 
edge as  to  the  abeolat«  weights  of  atomii ;  but,  after  we  have 
(kAermiuMi,  from  conaidcrutions  hcrcalW  u>  be  discusaed,  wlmt 
must  be  tlie  number  of  atoms  of  each  kind  in  one  molecols  of 
any  subtstAnce,  we  can  easily  colcithkte  t)ieir  relative  weight* 
&om  tlie  results  of  analysis.  A  few  examines  will  make  the 
method  plain. 

Ut.  The  anal.rais  of  water,  given  on  page  9,  provee  that  in  100 
parts  it  contains  L1.112  yaria  of  hydrog^  and  86.888  parta  of 
oxygen.  Kvery  molecule  of  wat«r,  then,  must  contain  these  two 
elements  in  just  these  proportions.  Xow  we  have  good  reason 
for  believing  that  each  molecule  of  water  is  a  group  of  tlireo 
atoms,  —  two  of  hydrogen  and  one  of  oxygen.     Then,  sinoQ 
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^  (1L112)  :  88.S8S  «=  1 :  16,  it  foUows  Uiut  the  oxygon  atom 
munt  wi»gh  16  timus  as  much  as  ttui  hydrogea  atom ;  and,  if 
wfi  taako  tlic  Lydrvgea  atom  th«  uiiit  uf  uur  tUomia  weight, 
tbon  tlui  woigiil  of  tlie  oxygen  atooi,  Mtimated  in  lliese  units, 
miut  be  16. 

2d  The  analysis  of  hydrochloric  acid  gas  proves  Uiat  it 
oontatus  in  100  parU  2.74  p<irU  of  liydn^cn  and  97.^6  of 
dilotiiM.  Morouvur,  wu  havu  n>«»on  to  believe  tiiat  each  tnole* 
cole  of  U>e  add  ii  a  group  of  two  at«ui»,  —  one  of  bydrogen 
and  one  of  chlorine.  Hvnoe  Uie  atom  of  cblorins  must  weigh 
35.5  times  «»  much  as  Ui«t  of  hydroijen.  Its  atomic  weight 
is  then  35A 

3d.  The  anolysi)  of  common  aalt  (page  9)  proves  that  it  con- 
tains ill, 100  pAtta  60.68  parts  of  chlorine  and  3U.32  t>arU  of 
sodium,  and  we  believe  that  each  molecule  of  aalt  is  a  groap 
of  two  atoms,  one  of  chlorine  and  one  of  sodium.  Tlicm,  since 
GO.aS  :  :it>.32  =  35.5  :  23,  It  follows  that  the  atomic  weight  of 
sodium  is  23.  la  like  manner  the  atomic  weights  of  aU  the 
chemical  elements  have  been  determined,  and  tlio  numbers  an 
giv«n  in  Tabic  IL  These  numbers  are  tJie  fundamental  data 
of  cbeniical  science,  and  the  basis  of  almost  all  the  numerical 
calculations  which  tho  chumiiit  has  to  make.  Tlie  ehMuents  of 
a  compouud  body  aiu  always  unit«d  cither  in  the  proportions, 
by  weight,  expressed  by  tjte-ie  numbers,  or  eUo  in  some  simple 
multiples  erf  these  proportions  ;  and  whenever,  by  the  Ineaktng 
up  of  a  complex  compound,  or  by  the  mutual  action  of  diflUrent 
8ul»taiKes  on  each  oLlier,  the  elements  rearrange  themselves, 
and  new  compounds  are  formed,  tine  same  numerical  proiwrtions 
aro  always  preserved. 

The  atomic  weights  evidently  rast  on  two  distinct  kinds  of 
data :  JirM,  on  the  results  of  chemical  analysis,  which  arc  facts 
of  observation,  and  in  regard  to  which  the  only  question  i-an  bo 
as  to  thoir  greater  or  less  accuracy ;  »tc9n<U}/,  on  our  conclusions 
in  regard  to  the  number  of  atoms  in  eadi  molecuhi  of  the  sul^ 
Maooe  analyaed.  This  couolusion  again  is  basud  chiefly  on  two 
otauM  of  6icta,  whose  bearing  on  the  subject  we  must  briefly 
tooMtr. 
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In  HJie  first  place,  we  carefully  compare  togctlier  all  the 
compounds  of  the  element  we  are  studyinti,  wiLli  the  view  of 
discovering  Uie  amallest  weight  of  it  u-bich  cotcrs  into  the  com- 
position of  tiny  known  molecule  ;  for  thta  must  <>viilcntly  be  the 
atomic  weight  of  the  elemeut  Au  example  will  mukc  the  c-ouise 
of  reasoning  intelligibla 

In  the  table  on  tlie  next  i«^  we  give  a  list  of  a  iiuiiitN;r  of  tbti 
most  important  compounda  containing  bydrogen,  ull  of  wliicb 
either  are  gases,  or  can  easily  be  changed  into  vapor  by  heat, 
BO  that  their  specific  gravities  with  refcivnce  to  hydrogen  gas 
can  be  readQy  determined  in  thu  acrifonn  state.  Frum  these 
specific  gravities  wc  learn  the  weight*  of  the  molecules  (§  18). 
this  moleouiiir  weights,  however,  which  are  given  in  tlie  third 
column  of  our  tAble,  are  not  in  all  ca«u  exactly  the  values 
which  would  be  obtained  by  doubliug  tlie  gas  or  vapor  dcnsitiea 

I  referred  to  hydrogen  gas ;  but  they  are  tliese  values  corrected  by 
the  icsiilta  of  cliemicai  anaU-sia,  tliat  is,  by  our  knowlcilge  of  the 
exact  proportiona  in  which  the  subatances  are  known  to  unite  or 
to  react  on  each  other.  (Compare  §  18  and  your  answen  to  prob- 
lem 31  of  last  chapter.)  In  tJie  fourth  column  we  have  {^ven 
the  weight  of  hydrogen  contained  in  each  of  tiio  moleoulM, 

I  wcjglits  which  have  in  every  m.ie  Iieen  calculated  from  the  rc- 

I  mite  of  actual  analyalR ;  and  it  i^  obvious  that,  if  we  know  tho 
per  cent  of  hydrogen  in  any  substance,  we  can  easily  tind  tlio 
amotmt  of  this  element  in  a  single  molecule  of  the  substance 
when  the  weight  of  the  molecule  is  given. 

A»Euming  now,  as  in  §  Itt,  that  a  molecule  of  hydrogen  gas 
weighs  2,  it  appears  that  tlie  emallest  mass  of  byxlrogen  which 
the  molecule  of  any  known  subatfince  contains,  weighs  just  one 
half  as  much,  or  1.     We  infer,  dierefore,  Umt  Uiis  mass  of  hy- 

'  drogen  cannot  be  divided  by  any  chemical  means,  or,  in  otlter 
wonU,  that  it  is  the  hydrogen  atom.  The  molecule  of  hydrogen 
gas  contains  then  two  hydrogen  atom-f,  and  this  atom  is  tho 
unit  to  which  we  ivfer  all  molecular  and  atomic  weights. 

Tf  now,  in  like  manner,  we  bring  into  compari.ton  all  the  vol- 
atile compounds  of  oxygen  as  in  the  second  tattle,  we  shall  find 
that  the  smallest  mass  of  oxygen  which  exists  in  tho  molecule 
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IS.S3 
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IM.13 
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iT.ie 

40.  S3 
8. 53 
17.  OS 
88.  M 
M.OT 
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3;.32 

1.00 

K.S 
81. 
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18. 
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si.a 

17. 
Si. 
78. 

eo. 

3S. 
10. 
46. 
71. 

& 
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S 
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of  an;  known  sul»tauce  weighs  16,^  the  atom  of  liydrogen 
wei^jbing  1,  —  ami  li«»oe  we  infer  that  this  tuaas  of  oxygen  ia 
tbe  oxygen  slum.  It  appean  aUo  tbat  a  molecule  uf  oxygen 
gas,  like  a  inolecule  of  liydni|;en  f!^  is  formed  by  the  union  ot 
tvo  atoniA. 

.  A  similar  comparison  of  the  compounds  of  clilorina  (^iwo  in 
tlio  tbird  lable  sbows  tluit,  while  the  molecules  of  cidurino  gas 
wei^h  71  miciocritbs,  the  atom  weighs  juai  one  b;iU  at  much 
(35.&  m.  a),  so  that  hero  again  tbo  molccuk  oousiaU  of  iwo 
aloms. 

IdBlly,  the  fourth  table  preseats  a  compouMO  of  •oino  of  tlto 
volatila  compounds  of  carbon.  This  tablu  mtglit  be  very  greatly 
exlendwl,  nod  wttli  the  same  i^acrnl  results,  namely,  a  repetition 
uf  1 ;!  or  of  a  mulliplv  uf  12  miurocrittu  of  carbon  in  every  mole- 
cnle  of  any  carbon  compound. 

Witcn  now  we  romember  that  tiie  numbers  ^iven  in  tbew 
taUei  are  baaod  on  experimental  results,  it  is  ditticolt  to  le* 
sisl  tbo  coticluaiou  tiiaL  the  12  miorocriths  of  carbon,  the  30.& 
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microcriUts  of  rhtorinc,  the  16  niicrocriths  of  oxygen,  and  the 
of  hyilmgcn,  n-liiob  in  theae  aevoral  eUssea  of  oom- 
ax  wiLh  so  muok  ooDstanojr,  are  the  wedgbta  of 
dofiiiiUi  masses  of  matter.  These  maasas  are  the  atoms  of  our 
cbanuvol  pUilotiopby,  It  will  ba  noticed  that  in  each  case  the 
atom  is  Um!  smalleiit  mass  of  aa  clement  that  exists  in  any  mole> 
cuk.  Olid  beac0  tlmt  this  method  of  determinit^j  its  value  accords 
comiJelely  wilh  llii;  dufiniliou  in  §  19.  The  same  melhoU  can 
be  extended  lo  a  lat^  iiuiuhor  of  the  cliemical  elements,  and  the 
eoDclnaions  to  wbiob  it  leads  are  evidenUy  legitimate,  and  cannot 
be  set  aside,  until  it  can  bo  sliown  thai  some  subsUiucv  exists 
whose  molecule  contains  a  smalUu-  mass  of  «uy  element  tlitin  that 
hitherto  assumed  aa  the  atomic  weight,  or,  iu  other  words,  until 
tlm  old  atom  has  been  divi<led. 

The  second  chiss  of  fiu.-t*  on  whiuh  we  rely  for  determining 
thu  uiimbur  of  atoms  in  a  given  innleinile  is  l)a«ed  on  the  specific 
lieat  of  the  elements  (oouil^are  §  17).  Exc«]>tiu)^  only  a  few 
anomalies,  it  is  certainly  approximately  true,  An<)  it  b  probaldy 
absolutely  true  that  tlie  specitic  heat  of  all  tbe  atoms  is  the  same, 
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QnBpoBDdt  at  Cbiaiae. 
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or,  in  otber  wonli,  lliat  iho  sftnic  fiii*olity  of  Iient  will  raise  the 
temf-erature  of  an  atom  of  meroiry  or  of  an  atom  of  hydrogen 
one  degree,  althotigk  the  wei£>bt  of  the  !asl  is  two  hundnHl  times 
greater  than  that  of  the  first  If  this  is  tme,  we  might  expect 
that  pqual  amoanta  of  heat  would  raim  to  the  same  extent  the 
tempemttirvs  of  such  quantities  of  the  varioa^  elemenlary  evh- 
Btances  as  contain  tl>e  same  uuinl)crof  at'>ii)fl.  providvil,  of  courw, 
thatthnte  atomio  aggregates  are  comimred  niidcr  Uic  same  condi- 
tion!. Now  wc  can  decenuine  aocumt«ly  the  numU-r  of  tinits  rf 
boat  re<)uinHl  to  niw  tlifi  temperature  of  equal  weights  of  the 
elementary  suIisudocs  one  degree,  and  tlie  remits,  which  h-o  mK 
tlw  speoiSc  heat  of  tlie  etinnents,  are  given  in  works  on  phyMoa 
(Cbom.  Phya.  232).  Evidently,  if  our  principle  is  true,  tbese 
valne*  must  be  propoTttoaal  in  every  cose  to  tlw  numlter  of  atoms 
of  each  Flemcnt  coiitaim.-<l  in  the  equal  woin;ht«  compared.  IC«p- 
tesenUog  then  by  X  aiid  •?  ihts  specific  heat  of  two  eltrmeotaiy 
snbsUnces,  by  m  and  m'  the  woigbts  of  tJio  corresponding  stoma. 
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I  sad  by  unity  the  equal  weights  compared,  we  shall  bftve,  in  imy 
case, 


\  that  is,  The  prodvd  of  Uie  atomic  teftght  of  an  rlcmtnlary  suh- 
sfaiRM  bjf  ils  i^Kcific  heat  u  alvjajfs  a  toiutani  quantity. 

Takiog  now  the  atomic  weights  obtained  by  tlis  method  first 
given,  aiid  tlie  specific  beats  of  the  elements  as  they  have  been 
determined  by  experimenting  on  these  substances  in  the  solid 
state,  we  find  that,  with  only  three  exceptions,  our  inferent^e  ta 
correct;  and  thi?  principle  not  only  frequently  enables  ua  to  fix 
the  atomic  weight  of  an  element,  when  tlie  first  method  fails, 
but  it  .'Uso  serves  to  oonoborate  the  general  accnnicy  of  our  re- 
ndta.  It  ut  true,  owing  undoubtedly  to  many  causL>s  which  in- 
fluence the  thermal  conditions  of  a  solid  body,  that  this  product 
is  not  absolutely  constant.  It  varies  between  5,7  and  6.9.  the 
moan  value  bciD<;  about  6.34  (see  Table  IV.).  But  the  variation 
is  not  important,  so  far  as  the  determination  of  the  atomic  weights 
is  coucorneil.  This  detvrmJnatiou,  as  we  have  seen,  lesb  cbieHy 
on  the  results  of  analysis.  The  question  always  is  only  between 
two  or  tliTi^e  possible  ]i}*potheses,  and  as  between  these  the  spe- 
cific heat  will  decide^    f'or  exajii|de,  an  analysis  of  chloride  of 
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ailvor  proves  that  ea«h  motecale  oontainB  for  one  atom,  or  35.5 
jinrts  of  chlorine,  108  parU  of  silver.  Now,  108  parts  of  ailver 
inay  represent  one,  two,  three,  or  four  atoms,  or  it  may  be  Utai 
t)ii.<)  qiiantity  only  represents  a  fraction  of  an  atom.  To  deter* 
mine,  we  divide  (».34  by  0.05T,  th«  spi-cific  heat  of  0ilv«r.  The 
result  is  111,  which,  though  not  tlio  t^xact  nlomic  weight,  is  near 
enough  to  show  tlmt  108  is  the  u-i-iglit  of  one  atom,  and  not  of 
two  or  tbr«e.  Tlio  cxoeptiODS  to  thU  rule  referred  to  above  are 
carlwR,  boron,  and  silicon.  lUit  it  has  recently  been  found  chat 
the  specific  heat  of  these  substances  varies  very  rapidly  with  the 
temperature,  and  that  at  a  high  temperature  it  nearly  coufoniij 
to  the  law  in  each  case.  These  results  indicate  that  the  varia* 
tions  are  all  due  to  differences  of  aggregation,  and  that  tlie  law 
vould  exactly  hold  if  the  atoms  were  isolated. 

Tbts  important  law,  whose  bearing  on  our  subject  we  have 
briefly  conaJdon-d,  was  first  discovered  by  Dulotig  and  Petit,  aod 
was  subsequently  verified  by  the  very  onrcful  vxiwrimenls  of 
Rq^nault.  ikfore  recently  it  has  been  found,  by  Voestyn  and 
others,  that  its  ap))lii'ation  exteml.i,  in  ^orne  cases  at  least,  to 
chemical  oompoumls ;  for  it  would  seem  that  the  atoms  retain, 
even  when  in  combination,  their  peculiar  relations  to  heat,  80 
that  the  product  of  the  speciiic  heat  of  a  substance  by  its  molec- 
ular weight  is  equal  to  as  many  times  6.3  as  there  are  atoms  in 
the  molecule.  Thus  the  specific  heat  of  common  salt,  multipUed 
by  iu  molecular  weight,  gives  0.214  X  o&.5  ss  12.52,  which  is 
very  nearly  equal  to  6.3  X  2;  while  in  the  case  of  corrosive 
subh'matc  the  corresijondiog  product,  0.069  X  271  =  18.70,  is 
ne«riy  equal  to  6.3  x  3,  —  results  which  ore  in  accordance  vritb 
our  vtowg  in  tvgSTd  to  the  number  of  atoms  in  the  molecules  of 
these  substances. 

We  have  here,  then,  an  obvious  method  by  which  we  ini^lit 
determine  the  number  of  atoms  in  t]te  molecule  of  any  solid,  and 
which  would  be  at  ttie  very  greatest  value  in  investigating  tlM 
atomic  weights,  could  we  rely  oa  the  gcocml  application  of  oar 
lav.  We  do  Dot  look  for  inatliematical  oxoctni-ss.  Wekoow 
very  well  that  the  speoifio  heat  of  itolid  bodies  varies  very  gnwlly 
with  tlie  temperature,  as  well  as  from  other  physical  causes,  and 
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'  that  it  is  impoesible  to  comparo  tbeni  nndcr  preciteiif  Ikt  name 
cooditiotis  08  woultl  ba  rvtiuin-il  in  onler  to  .'«otire  nccoixtntico. 
liut,  iu)fortuiial«l)',  the  discrepapcies  are  90  gnent,  and  we  cro  m 

LignoniDt  of  Uieir  cause,  tliac  ao  yet  vie.  have  not  been  tAM  to 

Itue  Die  BpeciRc  heat  as  a  means  of  detenninitig  the  number 
of  tttonis  io  the  molecule  of  a  compound,  except  to  a  limited 
extent. 

Asmmiiig  that  it  would  miuire  absolutely  tlie  same  ainmtnt 
of  beat  to  raise  to  a  given  extent  the  temperature  of  any  atonic 
wbatevcr  its  weight,  when  the  atom  is  isolated,  we  should  not 
expect,  from  our  tnechaoical  theory  of  heatv  that  this  would  be 
auy  longer  tbe  case  when  the  atoms  were  nnited  ia  a  mole- 

jeole;  for  then  a  portion  of  the  heat  uust  be  spent  in  pulling 
apart  the  atoms,  that  is.  in  doinj;  tlm  work  which  tbe  reaolling 
expansion  implies.  If  the  atoms  went  isolated,  all  the  heat  would 
be  us)K!i>ded  to  loising  tbcir  temptnUure,  thnt  id,  in  imparting 
moviu^;  power.    But  when  the  atoms  are  bound  toi^tber  by  defi- 

[  nito  forces,  only  a  port  of  the  heat  is  thus  exjiitnded.    Tko  re«t 

I  does  work,  and  as  the  work  done  in  moving  apitrt  tho  atoms  must 
depend  on  ilicir  relations  to  eaidi  oUier,  it  ii  evident  tlmt  the  boat 
BO  consumed  must  bo  a  very  vartiy^la  quantity.    But  altho\i<;)i 

L  the  results  of  investigation  are  in  bormouy  with  tbcH;  thuorfitical 
conceptions,  we  liave  not  as  yet  obtaini'^l  the  knowledne  requitvd 
to  calculiitc  whnt  must  be  the  result  \\m\vT  given  conditions.  In 
(he  cose  of  the  molecules  of  elcmontary  substances,  where  tlie 
atoms  are  united  t^  comparatively  feeble  forces,  tbe  amount  of 
heat  expended  in  work  is  probably  ao  jnoonaideTabld  portion  of 
the  whole ;  and  here  may  be  the  explanation  of  the  general  con- 
formity of  the  specific  heat  of  these  subatancas  with  the  law  just 
enunciated.  liut  tliis  cannot  he  true  of  the  molecules  of  compound 
bodies,  wboro  the  atoms  are  Iicld  together  with  such  power  that 
gravitation,  and  even  molecular  atttaction,  are  feeble  forces  in 
comparison.    .Henoe  the  difficulty  of  bringing  the  specific  heat 

I  of  compounds  under  the  gctii-nU  law ;  but  we  have  every  reason 
to  expect  tliat  in  pro^tortion  as  our  knowledge  of  molcculsr  struc- 
ture increases  this  result  will  be  reached.  It  must  be  borne  in 
mind,  however,  that  tbe  problem  is  still  further  complicated  by 
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Uie  fact  thitt,  wlwn  a  bod/  is  expanded  hj  htki.  work  is  done  in 
moving  apart  the  moleculea  as  a  whole,  aa  well  as  the  atoms  of 
which  th«  tDolecules  consist. 

Lastly,  BssumiDg  ttiat  both  of  Uie  means  we  have  considered 
fail  to  give  satisfactory  evidence  in  regurd  to  tJie  number  of 
atoms  in  tho  umleculo  of  a  ^ven  substance,  (which  we  may  hare 
analyzed  for  the  purpose  of  dctormtniug  some  atomic  weight,) 
we  may  freciucntly.  nevcrthvlcssr  reach  a  satiefoctoty,  or  at  least 
a  probable  coocliuion,  by  oompariug  tho  substance  we  ore  ioves- 
tigatiug  with  some  closely  allied  substance  wImm  cooatitatloo  is 
known.  Tlius,  if  the  molecule  of  sodic  cliloride  (common  salt) 
contains  two  atoms,  it  ia  probable  tliat  the  molecules  of  sodic 
iodide,  as  well  as  those  of  potossic  chloride  and  potassic  iodido^ 
ooDtain  tlie  same  number;  for  all  these  oompounds  not  only 
bare  the  same  crystaUine  form  and  the  same  ebemioal  relations, 
but  they  are  also  composed  of  closely  allied  chenucal  elemeotoL 
Ueveillieless  it  is  true,  in  very  many  cases,  tliat  our  oonclufioD 
ia  lefEard  to  the  number  of  atoms  which  a  molecule  may  contain 
is  mora  or  less  hypothetical,  and  lience  liable  to  error  atid  sub- 
ject to  change.  Xliis  onoettainty.  tnoKOvur,  must  extend  lo  tbu 
atomic  woiglits  of  the  olemei^  so  Ear  as  they  ml  on  Buch  hypo- 
thetical conclusions. 

If  we  clmnge  the  lij'potbeats  in  any  case,  wo  shall  obtain  a 
different  atomic  weight ;  but  then  the  new  weight  will  be  some 
simple  niultipli!  of  tlw  oh),  and  will  not  alttr  the  important  re- 
lations to  which  we  first  referred.  These  fUD<lamental  relations 
an  indepondout  of  all  hypotlteeis,  and  rest  on  well-established 
laws. 

Tlw  atomic  weights  are  the  numerical  ctustanta  of  chenuatiy, 
and  in  determining  their  ^-alne  it  is  necessary  to  take  that  core 
which  tlieir  importance  demands.  The  essential  part  of  the  in- 
vestigation is  the  accurate  arudjius  of  some  compound  of  tlte 
-element  whose  atomic  weight  is  sought.  The  compound  selected 
for  llio  purpose  must  fulfil  sc^'«ral  conditions.  It  must  be  one 
which  can  tm  j^repared  in  a  condition  of  absolute  purity.  It 
most  be  one  the  pru]>ortion>  of  whose  oonstatoent*  oon  be  deter- 
mined with  tlj«  greatest  accuracy  by  the  known  methods  of 
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ana]>-tical  chemistty.  It  tansb  contain  a  second  element  wboae 
atomic  weight  is  well  e^stablisheil  FiimU/,  it  ebould  be  a  com- 
pound wljose  molecular  condition  is  knovrn,  and  it  is  beat  tliat 
tbi«  sboald  be  as  aimplfi  as  )>o«iLtlv.  Wbva  once  tiius  uccu- 
mtcly  dttvrinined,  llio  atomic  iveigtit«  become  cucutial  data  in 
all  (iiiuntiUitivo  analytical  iuvcdtigations. 

QTTBSIIONS  ANI>   PBOBLEHa. 

L  Son  the  inUgtity  of  a  eubstuice  ndde  in  its  moleculee  or  in 
I  ltd  atoms  I 

S.  Wo  find  by  imalyws  thtit  in  100  part*  of  potawic  cblnridc  tbore 

[  am  S2.43  |iiirt«  of  potosnum  and  47.fi8  part«  of  cblorint.     Moreover, 

I  we  know  from  previous  exi>erim«bt8  that  the  atomic  vroiglit  of  chlorine 

I  b  30.J(,  and  we  bave  kmod  to  believe  tliat  ercrty  molecule  of  the  oom- 

pound  ooiinuiis  of  3  atonta^  1  of  pota:Mlui]i  and  1  of  cfalanna.     What  ia 

the  atouiie  weight  of  putoaaiuni?  Ana.  39.1. 

3.  We  finil  by  analysis  that  in  100  ports  of  phosphnria  anhydride 
lUieiv  an  43.6G  parta  of  phosphonia  and  SS.34  potts  of  oxygen. 

Moreovw,  we  knew  that  thn  ulixitk  wi-ight  of  oxyguii  is  16  ;  and  we 
liavQ  Riuon  to  believn  th;it  t-vrry  mi'irniile  of  the  coiapoiuid  coiujiita 
[of  7  atom*,  3  of  pbosphorua  and  S  of  oxygon.    What  is  the  atooiia 
[  weight  of  phoMphonu  t  Ana  3t. 

4.  In  Table  lU.  tlie  Rtudcnt  will  find  the  vapot  diuiBitiu  of  a 
nnnibcr  of  c<Mup<>iinilN  of  ancnic,  and  wo  giro  below  Ihu  per  cent  of 

eulo  which  eauh  contuiiin.     Fruin  ihmut  data  it  ia  tvqiiiriM]  to  dotcr- 

Itnino  Um  atomic  w«iig!it  of  nnonic.     Amngo  the  results  in  n  table 

llibc  IbnM  given  above.    Metallic  arsenic,  100  jier  cent ;  araeniuret- 

ted  hydrogen,  0S.16  per  cent ;  armnioua  chloride,  41.33  per  cent;  ka- 

^fcodyl,  71,44  per  cent ;  sieenious  oxide,  7S.77  per  cent. 

5.  Review  the  steps  of  tlio  roawning  by  which  the  atomic  weights 
ive  1k«]i  deduced  in  the  last  two  problems,  and  ahow  that  the  nwCt^v- 

liar  teriyhi  and  tkr  wfi'ffhl  of  the  tlemtnt  in  oM  moUcult  are  actual  and 
IlDdtjicndcnt  expcriment.ll  data. 

'     6.  Analyiiis  shows  tliat  in  100  parts  of  mercuric  cbl(>ri<le  there  an 
73.80  parte  of  mercury  and  36.20  parte  of  chlorine.    The  spocilio 
I  4 
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iMat  of  OMratiy  ia  0.033.     Wbat  ia  tbe  probable  atomic  wtqght  of 
f,  tittX  of  chlarine  being  35.S  I   Alao^  liow  muiy  «loiiu  of  eaeli 
I  doM  oQs  nolocala  of  tbo  eontponnd  oMiUin  t 
AloBuo  weight  of  BwrcniT,  200.     Eodi  moloeulo  oouitU  of 
1  atom  of  toercni;  awl  2  of  chlonno. 

7.  AmIjiu  sbowa  tlwt  iu  100  p«m  uf  fenio  <Hud«  there  tn  70 
putM  of  iroB  and  30  put*  of  uxvgun.  TIm  specific  bmi  of  iiou  M 
Ol114.  Wbat  M  the  pmbftbla  atomic  voight  of  iron,  that  of  oxjgeB 
faetag  liX  nnd  how  many  atoms  of  tach  clcmetit  doec  one  molccak  of 
tin  oxide  oontun  I 

Ana.  Atoaii«  weight  of  iton,  KG.  One  mol0cul«  uf  lemc  oxide 
ouutaiiu  2  atoDU  of  imn  and  3  of  oxrgea. 

8.  Tfacra  ia  do  doubt  that  in  oxJda  of  gludnum  ibo  metal  ia  con- 
bioed  with  oxygen  in  tbo  pioportioo  of  9.2  to  16,  and  it  hu  hoen 
hilheito  gencallj  astuaod  that  «tMih  molewJa  of  the  oxide  cowiste 
of  one  atom  of  glucinum  unitvd  to  otte  uf  oxygen,  and  benoe  thai  the 
atomic  wtngtit  of  thi«  mm  rionwnt  i«  9.3.  Bui  it  appcan  ftum  Kceut 
•qierimr.ots  that  the  specitic  heat  of  gladmun  i*  0.408.  To  what 
coodiiaion  does  this  new  bci  leadt 

Ana.  That  the  atomic  weight  of  glncinam  ia  13.8,  and  that  eash 
uolecale  of  ita  oxide  ootwiott  of  3  atoou  of  metal  and  3  atoms 
of  DxygaD. 

d.  TIm)  wolci^nlar  weight  of  aillcic  chloride  ii  170,  nnd  ita  apeciftc 
boat,  0.1907.  IIow  many  atoma  doca  ooe  molecole  of  the  oompound 
probaUy  oonbun  I  Ana;  0. 

10.  TV  uolecnlai-  weight  of  mercwic  iodide  ia  4M,  and  iu  apeciftc 
hMt,  0.043.  How  many  atoma  doca  one  inolecalo  of  the  componnd 
pmbaUyoonUiol  Aaa.  8. 
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Cbend««l    BjrraboU.  —  The    ntomic    theory    liM    found 
ixpresabu  in  chemUtiy  in  a  remarkable  Ryauia  of  uaCation, 
vhich  baa  been  of  the  gTeat«st  value  in  the  study  of  the  8C)en«& 
In  this  system,  the  initial  letter  of  the  Latin  name  of  an  ele- 
ment is  used  as  the  ^rmbol  of  that  element,  and  represents  in 
every  case  orie  atom,    TTins  0  stands  for  tme  atom  of  Oxygen, 
y  for  omr  atom  of  N itrofpin,  H  for  one  atom  of  Hydrogen.    ^Vhen 
.several  names  have  the  same  initial,  we  add  for  the  sake  of  diit- 
nctiou  a  second  letter.     Thus  C  stands  for  one  atom  of  Carbon, 
CI  for  on«  atom  of  Chlorine,  Ca  for  one  atom  of  Calcium,  Cu 
.for  one  atom  of  Copnim  (copper),  Cr  for  one  atom  of  Chromium, 
Co  for  one  atom  of  Cobalt,  Ctt  for  one  atom  of  Cotlniiuiii,  Cs  for 
one  atom  of  Ctesium,  and  Ce  for  one  atom  of  Cerium.    The  »yia> 

ibols  of  alt  the  elements  are  given  in  Table  II.  !^i>venil  atoma 
of  the  same  element  are  generally  indieated  by  adding  ligurea, 
bat  dtstinguisbing  them  from  algebraic  exponents  by  placing 
them  below  the  letters.  TIius  Sw,  stands  for  two  atoms  of  Stan- 
num  (tin),  S,  tor  throe  atoms  of  8uli)hur,  and  /,  for  five  atoms 
of  Iodine.  Sometimes,  however,  in  order  to  indicate  certain  re- 
tatioDS,  we  repeat  the  symbol  witli  or  without  dnsliw  between 
^^  them ;  thns  //■//  represents  a  group  of  two  atutii»  of  Hydrogen, 
^MSrSe  a  group  of  two  atoms  of  Selenium.  We  can  now  c««ily 
^^expwis  the  constitution  of  the  molecule  of  any  eubstancu  by 
I  simply  grouping  together  the  symbols  of  the  atoms  of  which 
the  molecule  consists.  This  group  is  generally  called  the  sym- 
bol  of  the  substance,  and  stands  in  ever)-  case  for  one  molecule. 
Thus  J^aCt  is  the  symbol  of  common  salt,  and  represents  one 
molecule  of  salt.  ff,0  is  the  symbol  of  water,  and  represents, 
OS  before,  on«  molecule.     5>o  in  like  manner  ^^V stands  for  one 
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molecule  of  acamonia  gas,  HJI^  for  one  ntojecule  of  marsh  gas, 
KSO^  for  one  molecule  of  saltpetre,  /Z^SO,  for  one  molecule  of 
snlpharic  acid,  CJjp^  for  one  molecule  of  acetic  acici,  US  for 
ooe  molecule  of  hj-Jrogen  gas.  We  do  not,  lion-over,  always 
vrite  the  symbols  iu  a  linear  fonn,  but  group  the  ktt«n  in  sucb 
A  way  as  will  best  indicnto  thtr  n:liUioii«  wc  ue  studyit^ 
When  several  molecules  of  Uiu  wmo  substance  take  port  in  a 
ohomical  <^mng«,  n-e  rvpnwonl  tho  fact  by  writing  a  numencal 
ooettcittat  boforo  tho  molticular  s>'mbol.  A  figure  so  placed 
alm^B  muUipUc*  tli«  whole  symbiiL  Thus  4  //-.VC,  stands  for 
four  molecnles  of  nitric  acid,  3  CfHfi  for  three  molecules  of  alco- 
hol, G  0-0  for  six  molecules  of  oxygen  gas.  When  cleomees  te- 
quires  it,  we  encloM  tlio  symbol  of  the  molecule  in  parentbeaee. 
thus,  \{H^S\  or  (Jl^^f  The  pr«iae  meaning  of  the  daahea 
hereafter  a[^ear.  They  ai«  uwd,  like  puactnation  marks, 
'to  point  off  in  a  moleoukr  s}'iaU>l  the  parts  betvreen  which  ve 
wish  to  distingimh. 

2^  CbHKioa)  RmwUocm.  —  Hiese  cbemica]  symbols  give  st 
onoe  a  simple  means  or  representing  all  chemical  cfaaoses.  As 
Um0  daii0aa  alreosi  invariably  result  from  the  rtattio%  of  one 
Mbataaoe  oo  another,  tliey  are  called  damital  rmttums. 
wactioDe  nust  neeeBsanly  lake  place  betwean  moleoiilee; 
simptr  aaaatei  in  th«  breaking  up  of  tka  mriacqlM  mad  ib» 
UJaBseoMitt  of  tiw  atoms  in  now  groups.  In  every  chemical 
wartian  ve  mnia  dislingnJA  botwven  the  safartaaoe*  which  are 
iBtolrvd  in  the  diaagc  aad  tlMsa  which  are  produced  fay  it 
Tba  first  will  \x  taraed  the  bctors,  and  the  Last  the  prodnctai  of 
Iba  PMCtMo.  A3  BMtaer  is  iadostmolibla,  it  loUowa  that  tkt 
awa  V*  "^  w^to  V*  ^  pndmeU  tfa»f  rmOitm  mmtt  mlwtfi 
kt  if«al  tmOt  mm  >/ lit  tn^tta  ^  tktfmian.  and.  rattbcr.  that 

lb  mmmi^^mltmt^ammmttimdimatjkrtan. 
at  fint  sight  lo  be  mutndicted  by  exp^ 
wood  aad  laaay  other  tiwibnitiUM  an  coaMavt 
Iff  hnum,  h  aB  aBcb  cmb^  biwvvar.  IW  ^n■■^rt  OBtUb- 
tM«tf  Ue  aahalMw  anas  tnm  the  ttdt  that  tW  |»odacts  nf 
ar«  iavntbk  lasea ;  and  wfaai 
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'  weight  13  found  to  bo  equctl,  not  only  to  that  of  the  sub- 
but  also,  in  uddition,  to  the  weight  of  the  oxygen  from 
|,tiie  air  coDaumcil  in  the  process.    As  Uw  products  and  factors 
every  chemical   changu  must  ho   equal,  it  followa  that  a 
%ical  rmeiion  may  always  be  reprtsenCed  in  an  e^tuitioK  bt/ 
ting  tkc  symbtiU  ^f  the  faclort  tn  the  Jirtt  member,  and  thtm 
'  ike  product*  in  ike  utond.    Tliiis,  the  following  equation  ex- 
tlitt  reaction  between  dilute  sulphuric  aciO  ant)  xinc,  by 
^vhioh  hydrogen  gas  is  commonly  prepared    The  producU  are  a 
solution  of  nine  sulphate  and  hydrogen  gas. 


2n  +  {iltSO^  +  Aq)  =  {X,xSO,  +  Aq)  +  EH-ffl.         [I7j 


I  The  abbreviation  of  the  Latin  word  Aqua  is  here  n«ed  simply 
indicate  that  the  substAuccs  enclosed  with  it  in  parenthcws 
s  in  solution.     The  symbol  Zn  is  printed  in  "  fuU-faoed"  type 
to  indicate  that  the  metal  ia  used  iu  the  reaction  in  its  well- 
known  solid  condition ;  while  iLe  symbol  of  the  molecule  of 
hydrogen  is  printed  in  skclfton  type  to  indicate  the  condition 
of  gaa    Thi8  usage  uiU  ho  followed  throughout  tlie  book ;  but. 
generally,  when  it  is  not  imj)ortiint  to  indicate  the  condition  of 
tlie  materials  involved  in  llio  reaction,  ordinary  type  will  be  used. 
Hie  molecule  of  hydrogen  gas  consists  of  two  at^^ms,  as  our  re- 
action indicates,  and  this  is  the  smallest  quantity  of  hydrogen 
^^which  can  either  enter  into  or  he  formed  by  a  chemical  change. 
^KTbe  molecule  of  zinc  is  known  to  consist  of  only  one  atom. 
^^"Whcn  the  molecular  cutiKtiiution  of  an  element  is  not  knonn, 
^ve  simply  nTitc  the  atomic  symbol  in  the  reiicUoa 

Among  chemical  reactions  we  may  distinguish  at  least  three 
classes.     First,  Analytical  lieactions,  in  which  a  complex  mole- 
pule  is  broken  up  into  simpler  ones.    Thus,  when  sodie  bisul- 
phate  is  heated,  it  breaks  up  into  sodic  sulphate  and  stdpLuric 
tiydride, — 

ya^O,  =  Na^O^  +  SO^  [18] 

nko,  by  fermentation  grape  sugar  or  glucose  breaks  up  into 
i>l  and  cauhonic  anhydride, — 


C^ff„0,=  2CfitO  +  iCOr 


m 
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Secondly,  Synthetical  Reactions,  in  which  two  molecules  iinit« 
to  fono  a  more  complex  group.  Thus  haryU  burns  lu  an  atintM* 
pfaete  of  sulphuric  anhydride,  and  fonm  boric  snlphate,  — 

In  like  manner  aoimouia  enters  into  direct  onion  with  bydro- 
cbloric  acid  to  form  auiniomc  chluiide,  — 

B^+ua= 1I,.VCI.  [21] 

Tliirdly,  Metath^cal  Beaotaoufl,  in  which  the  atoms  of  on« 
uuleciile  change  piKe  with  the  similur  uU>uls  of  anotlMc  mole* 
cule  or  at  several  other  molecules,  one  atom  replacing  one,  two. 
three,  or  more  atoms,  as  the  case  may  be.  Thus,  when  we  add 
a  ftolution  of  oommon  salt  to  a  solution  of  at^ntK  nitrate,  we 
obtain  a  white  precipitate*  of  argentic  chloride,  while  eodic 
uitrate  remains  in  solution.  The  result  is  obtained  by  a  simple 
tnlercliaoge  between  an  atom  of  silver  and  an  atom  of  sodium, 
as  the  following  reaction  shows :  — 

(y<t€i  +  Ar^o,  +  Aq)  =  (.v«-jvo,  +  a^)  +  Agrci.  [22] 

lu  the  next  example,  one  atom  of  barium  changes  pkce  with 
two  atoms  of  hydrogen.  Haric  cliloride  and  sulphuric  acid  yield 
hydrochloric  acid  and  insoluble  baric  sulphate,  which  is  preupi- 
tated  from  the  solution  in  water  as  tlte  reaction  iudieuUia :  — 

(BaCl,  +  a^O,  +  A9)  =  (2  HCl  +  A<i)  +  BaSO..      [23] 

Of  the  three  classes  of  chemical  reactions  the  last  is  by  far 
Lthe  most  common,  and  many  chemical  changes  whicli  were  for- 
lineily  supposed  to  be  examples  of  simple  analysis  or  synthesis 
laie  now  known  to  be  the  resulU  of  roelatlieeii.  In  very  many 
[cases,  however,  a  chemical  reaction  cannot  be  explained  in  eitlwr 
'  Of  tlieee  ways  alone,  but  se«ms  to  consist  in  a  primary  unioii  of 
two  tw  more  molecules  and  a  subsequent  splitting  up  of  this 
luge  giwip.    lodeod,  this  is  the  best  way  of  conceiving  of  oil 

■  Tlw  wimnikm  otm  mJU  at  MtnotioMa  ot  «  Iii)aU  lutsUoe*  in  •  flntd  ma^ 
•liMiM,  u  tba  nmb  of  ■  cImmIoI  nacUun.  Ii  tailed  yndfiitatioB,  ud  tb*  ■■•*• 
tU  «Ueti  MfiuBtM,  ■  r(«M|>itato :  not  lk\t,  too,  «nB  when  du  tiMteiU,  fadoi 
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ithetica]  reaHioim,  for  we  do  uol  suppose  that  in  any  cua 

is  on  actoal  Inutsfer  tit  atuiua  froui  uuo  niulecule  to  Lb« 

'Other.    The  wonl  ntetailusit  ia  meivly  tiaecl  u>  indiaito  the  re- 

.U  of  che  proces!),  not  the  manner  tn  which  tlie  chan^  takM 

ilaoe,  and  the  .same  is  true  of  Ute  words  atuili/su  and  sytUlutu, 

Domnion   niethod   of  preparing  carbonic  anhydride  ia  to 

]>our  a  solution  of  hydrochloric  acid  on  suiall  lumps  of  marble 

'caldc  carbonate),  — 

CaCO,  +  (2  ffCl  +  Aq)  =  {CaCO^  //,Ct^  +  Aq)  [34] 

=  (CbCT,  +  i/,0  +  J?)  +  ®©^ 

e  may  suppose  that  tbt-  molecules  of  the  two  substances  arc, 
in  the  first  ]>lac«,  drawn  togotber  by  the  foi-ce  which  manifests 
f  in  the  plienomcna  of  adhesion.*  but  that,  as  tbey  approach, 
a  mutual  attraction  between  their  respective  atoms  comes  into 
play,  which,  the  moment  tlic  molecide^  come  into  colliaion,  causes 
the  atoms  to  arrange  themselves  in  new  groupis.  The  groups 
which  then  result  are  determined  by  many  causes  whose  action 
can  seldom  be  fully  traceti ;  but  there  are  two  conditions  wliich, 
iu  tliii  presence  of  a  liquid  medium,  have  a  very  imjmrtant  inllu* 
ice  on  lh<!  result  These  conditions  may  be  tlius  stated :  — 
XsL  'Wbenc\xT  a  compound  can  be  formed,  which  is  insoluble 
In  the  muuatruum  present,  this  compound  separates  as  a  pre- 
cipitatv. 

2d.  Whenever  a  gas  can  be  formed,  or  any  substance  which  is 
volatihi  at  the  t«itipemiiiru  iti  whieh  the  cxpcriiucut  is  made, this 
volatile  product  is  set  frco- 

The  reactions  [22]  and  [2?]  of  this  section  are  examples  of  the 
first,  while  the  reaction.^  [17]  and  [2J]  are  examples  of  the  second 
these  conditions.  The  facts  just  stated  illustrate  a»  important 
th,  which  must  be  carefully  borne  iu  mind  in  the  stu^ly  of 
lomistiy.  A  chemical  ec^uation  diflers  essentially  from  an  al- 
biaic  expression.    Any  inference  which  can  be  legitimately 

■  V*  Bad  it  fouvmlint  la  'liiltiignidi  MwMii  tlie  foTM  •rfaivli  Iiolils  togvlher 
Ilbniiil  molMola  BDcl  ilint  which  iinilu  ihc  ■tomiof  tho  molecular     To  tliclut 
■  the  tismo  of  ehimiasl  qj^nitji,  while  we  fill  lli«  flrrt  enhtuim  or  mlArrion, 

ding  H  It  I«  fX*ittd  betwern  molKnUt  «f  tb*  WDw  kind  or  thoM  of  a  lUflar^ 
ikiad. 
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dnfwn  tmm  rq  algebtsic  fiqnatum  most,  in  some  wnse,  be  inM: 
It  ia  Dot  6o,  however,  wilh  chemical  sytoboJa.  These  aze  simply 
expreaeioiis  of  observed  facts,  uid,  although  important  itifrienoes 
may  eomecimes  be  drawn  from  the  mere  form  of  the  expression, 
yet  ihey  are  of  no  value  whatever  uole»  confirmed  by  experi* 
taoat  Moreover,  the  fnot^  which  are  •xpresHod  ia  this  peculiar 
^r>tMn  of  BoCMioD  are  aa  purely  materials  for  Uie  incniory  as  tf 
they  wue  described  ia  oonimoa  language; 

23.  Compoond  Radiooia.  —  la  tainiy  chemical  teaetions  tfa« 
elementary  atoms  cbiuige  |>laces.  Dot  with  other  elenicnUuy 
atoms,  but  witit  groiiie  of  atonu,  which  appear  to  »u5taia 
relations  to  the  compounds  tliey  leave  or  enter,  similar  U»  thone 
of  the  elements  themselves.  Thus,  if  we  add  to  a.  solution  of 
arjjentic  nitrate  a  solution  of  ammouic  chloride,  we  get  the 
reaction  expressed  by  the  oqoutiun 

As-yO*  +  ifJ^t'Cl  =  A'//,.VOt  +  AsrCL  [25] 

Here  tb«  group  iVff,  lias  taken  the  place  of  Aff.  So,  also,  in  ibo 
reaction  of  hydrochloric  acid  on  common  alcohol,  the  gitwp  Cy?i 
in  tJie  molpcule  of  alcohol  changes  places  with  the  atom  of  liy- 
drog£in  in  the  molecule  of  hydrochloric  acid, — 

c^UfOii  +  ii-ci  =  u-on  +  r,//,^7/.  [26] 


We  write  the  symbols  in  thia  peculiar  «'ay  in  order  to  make 
it  evident  to  the  eye  that  such  a  substitution  lias  taken  phce. 
Lastly,  in  the  reaction  of  chlorofonn  on  ammonia,  the  group  CH 
of  the  first  changes  places  with  the  three  atuuis  of  hydrogen  of 
ammonia  gas,  ^ 


[27] 


Such  groups  as  these  are  called  compound  radicals.  Like  tlie 
atoin^  tlieoiaelves.  they  oannot,  as  a  rule. exist  in  a  free  state ;  but 
o^lgrc^rate^  of  some  of  these  tadicalit  may  exi^t.  which  sustain  the 
same  relation  to  the  mdicals  tbat  ulemcntaTy  snbstanoes  hold  to 
the  alums.  Thus,  as  we  have  a  got  chlorine  oonsistinp  of  mole- 
cules, each  represented  by  CVCl,  so  tbero  is  a  gu  cyanogen  ood> 
BUfting  of  molecules,  each  represented  by  CN-Clf,  wliere  Of  t*  » 


r^ 
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oompound  ndical  called  cyanogen.  .Agun,thia  impoitsot  mdicals 
CO,  SOi,  and  PClt  ure  also  the  mot  wales  of  weU-knowa  gasm 
Tiieso  radicai  tubslanccs  vom'spond  to  oertaia  ek'incutary  sub- 
stances previously  moulioacil.  iu  whtcli  tiui  molcctdo  is  u  siuglo 
^^om. 

^ft   But  villi  few  excfiptioRii  tlie  radical  subatnoces  Imvc  never 
^Bboen  isolat«d,aiul  the  ndicals  ara  ouly  known  u  grotips  of  atoina 
^EirhicJi  pa»3  and  repass  in  a  number  of  chemical  reactionsL     In- 
deed, in  tike  same  compound  wo  may  frec^ueiitly  aasume  seveial 
Hndicats.     Tlte  poi^ille  radicab  of  a  chemical  symbol  correspond 
^^i  fact  almost  precisely  to  the  possible  factors  of  an  algcbwiic 
formula,  and  in  writing  lli«  symbol  we  take  out  the  onu  or  tb« 
other,  as  ilic  chemical  cbangu  we  are  studying  requiica.    A  uum- 
iber  of  these  radicaU  have  roccivod  names ;  us,  — 


HydnwyU 

HO 

Sulphuijl, 

SO, 

llydrosulphuryl. 

US 

CnrboDyl, 

CO 

ABnoniuDi, 

//.y 

Carboxyl, 

COOH 

Araidogen, 

ii^N 

^'itroii}'!, 

A'O 

Cyanogcii, 

cs 

Nitwsj-l, 

NO^ 

Jut  the  names  arc  not  of  importance  and  the  usage  in  regard  to 
them  ha4  never  been  iixed. 


QUESTIONS  AND  PROBLEMS. 
1.  For  what  do  tho  follgwing  HyrnbuLt  (Uud  t 

S;    Co,;    ffff;    H,C '>    MISO^;    {C.ffAV 
S.  For  what  do  tba  foUowing  Bjoibols  stand  t 

Ci;    ^j    0-0;    J/,Xi    S^^;    iC^Hfi. 
3.  For  wliat  do  tho  fuUowing  symbols  atand  t 

0;    II,;    ScSf,    KaCl;    Hfi;    iXyO, 

i.  Represent  by  synbols, —  Ut,  &  molocoles  of  mitnr ;  3d,  3  mole* 
^  cnltt  ot  taldc  catbonato ;  3d,  2  molcculu*  of  baric  Bulphatc ;  4th,  1 
noleeulQ  of  dodic  diiralpbate. 
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5.  AmlfM  tbt  foUowing  leution,  6bow  tba  tbo  uhm  uumW  of 
oloins  «n  nprwoDUd  oo  Mch  ucl«  of  the  equation,  uul  sUbi  Ui«  dut 
to  which  it  belongs 

Fe  +  (2  UCl  +  Aa)  -  {FtCl,  +  j*?)  +  IHUl 

UjAmlitiiiU  AM.  r>mH  CWaMte 

6.  Analfio  tho  following  nactioD.  Sraw  in  what  tite  oquulity 
ooiuuti^  and  state  tho  cIam  to  which  the  nactioti  bdoaga. 

X/AO,  =  2  //,0  +  .V,0. 


7.  Aiuljrw  tho  following  roaclioM.  Sliow  in  wh^t  tho  oquolitjr 
ooDSUts,  atul  «tBt«  tlw  clou  to  which  thu  lOMtioa  belongs. 

C  +  OO    =    CO.. 

OH»0b.    OiI«Mf     OMMla  tlUnte 

&  Aualyz«  the  following  reaction.  Show  in  what  tho  eqnolitf 
ooiuittt,  uul  itlAt«  tlio  oliUM  to  which  the  reactiun  belongs. 

2  Jf-aU  +  -Vo-.Vb  =  2  -Vo-O-//  +  ff//. 

WiM  tUtmm.  ■•M  llr«r«a 

9.  Tho  following  reaction  maj  bo  ao  written  m  to  iiuticnt«  that  the 
pfoducte  are  fonnod  by  a  owtathoaia  between  two  ainiilar  molecules. 
It  ia  feqnirod  to  abow  that  this  ia  poanblo. 

Sff.y  =  siiff  +   y-y. 

10.  Write  tlw  raacdoDs  [33]  and  [23]  ao  a*  to  indicate  the  manacc 
in  which  Uie  Dietatbeaia  ia  Bupt>oaed  to  talte  plac& 

11.  Stale  the  conditions  which  delenstne  tho  jnetalheeEa  in  the 
tirioiu  rcoeliona  given  in  thia  cbiqiter  ao  Gu  ai  tbeao  condiliona  are 
fmltaatcd. 

12.  AnaljEs  the  following  naetioo.  Show  what  detonniaos  tho 
netotbecia,  ami  also  what  ia  meant  by  a  oomponnd  radicaL 


»   PbCl,  +  (2  Xf/,:VO.  +  Jj). 


(myo,\  +  iy/f,-ct  +  Aq) 

HmmMl  »MU.  H  CNM*L 

13.  Compare  with  [37]  the  followins  tMctiun,  and  point  out  tho 
two  ndieab,  which,  aa  wo  may  anume,  hjtbocyauic  acid  contains. 

MriVn.  +  irry  +  .^,)  -  Ae-CN  +  tri-yo,  +  a.a. 
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14.  When  anlphimc  Buhydrido  (SO^  U  added  to  water  (/^O)  a  vio- 
lent action  ensaes  and  eulphuric  acid  is  fonned.  The  reaction  may  be 
written  in  two  ways,  and  it  is  rei]uired  to  explain  the  different  viewB  of 
the  process,  which  the  followiug  equations  express. 

2  S-O-H  +  S0,-0  =  H^-O^'SO,  +  ff,-0. 

15.  State  the  distinction  between  a  chemical  element  and  an  ele- 
iDBntary  substance.  Give  also  the  distinction  between  a  compound 
xadical  and  a  radical  substance. 


> — Thi  ehcmieal  tymbob  enahle  tu  not  only 

»«i«iintut  •itamml  thonsea,  but  mlm  to  calctilal«  exactlj  the 

JM  :i«&MmBW  required  in  any  ^von  pnKess,  ns  vdl 

-uy  -ywmvtK  ^if  tb»  pcoducu  which  it  will  jield     Each  sjnn- 

M  weigbt  or  the  elcmi^nl  it  reproents.  that 

:  t^  «*«i^  of  na  atom ;  bat,  its  only  tbe  relfttiv«  values  of 

[w  woontely  toiovrn,  they  are  best  expressed  *• 

Tbiu  ff,  which  indicates  one  atom  of  hydrogica. 

.  fgc  I  fart  hy  weight  of  hydrogen,  tbc  unit  of  out  *j-st«m. 

Ilft»  MWatr  0  tlMids  for  one  atom  or  16  pnrts  by  wejglit  of 

,  Jf*r«»«Monior  H  paru  by  weight  of  nitrogen,  (7  for 

.  or  li  r****  ^y  ^^ig''*  ''f  carbon,  C,  for  five  atoms  or 

kIiF  TiiithT  of  carKm.  nud  so  on  for  all  thi^  itymbola  in 

7CW  might  of  tliu  niokvule  of  any  siiWuiiice  mnet 

iit^  k«  lb«  sum  of  th«  wcighte  of  its  atoms,  and  fa  easily 

thtm  M>*  symbol  is  given,  by  Hitnply  adding  ti^tltor  tfae 

wMtfb  thia  Momio  synboU  ri^prcsenL    Thus  fffi,  llrt 

vi  tM»  molucnle  of  trat«r,  stands  also  for  2  +  16  =  18 

lirfw«t»r,/fi'Vf>'>r  one  molecule  or  3 -^  14=17  parts  of  am* 

_  I M  ftad  C^A  for  24  +  4  +  32  =  60  parts  of  acetic  acid." 

llKVMtt  Umh  siv*a  Um  symUd  of  a  subsbmoe,  it  is  rvry  easy 

Mh'«WW  ibi  iwnonUg*  oomposition.    Thus,  as  in  60  parts 

:  mU  tlNf*  H«  S4  parts  of  carbon,  in  100  parts  of  tlie 

nw4  W  40  purti  of  carbon,  and  so  for  each  of  the 

«(«MMt*i    Th«  Twnlt  appears  below ;  and  in  tbit 

_  mtnuim  wrifU  V  ■  mitmamci  will  ilaiin  nuw 

I  0Mh>  ««%t>te  "f  ^  AiMM  eow|iwfaig  MM  noIccQle,  and  «ra 

HM  A*  «»**WM»  «»4l*<  V  •  V~U.  or  (*<  Mtof  «AMf> 

MillMMHIteaMi  •ritoaMiieMitkUaf  tUtluMltoalM 
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'way  the  pftrocntnge  composition  of  alcoliol  and  ether  has  heva 
calculated  from  the  acMmpanying  symbola. 


AfMkAdd, 

IMohol, 

aamr. 

C,H^Qr 

C,Httk. 

c,aaO. 

Cubon, 

40.00 

fi2.l8 

UM 

Hydrogon, 

6.67 

13.04 

13.52 

Oxygen, 

63.33 

34.78 

21.G2 

lOO.OO 


100.00 


100.00 


to 


Tlio  niltt,  easily  dedticect.  is  this :  A*  the  tetight  of  the  vudaniit 
tkf-  vxxght  of  tach  tletitent,  so  is  me  hundred  parts  to  the  ptf: 
afft  regvirtii. 
Od  the  other  hand,  having  given  the  percentage  composition. 
19  easy  to  oolculate  tlie  number  of  atoni»  of  ^ach  element  in 
the  molecule  of  the  substance.     Tim  problvm  is  evidently  the 
revcne  of  the  last,  hut  it  does  not*  like  that,  always  iidmit  of  a 
definite  solutiun ;  for,  u-liile  there  is  but  one  percentage  compo- 
sition corresponding  to  a  given  symhol,  there  may  be  an  infinito 
Dumtier  of  symbols  correspouding  to  a  given  percentage  com- 
position.    For  example,  tlie  percentage  composition  of  acetic 
acid  corresponds  not  only  to  the  formula  C^fi^,  given  above, 
but  also  to  any  multiple  of  that  formula,  as  can  easily  be  seen 
by  calculating  the    percentage  composition  of  CHjO,  CVff,0, 
CJlfit,  etc.    They  will  all  necessarily  give  the  same  result, 
and,  before  we  can  determine  the  absolute  number  of  atoms  of 
each  clement  pnrsL-nt,  we  must  have  given  another  condition; 
namely,  the  sum  of  the  weights  of  the  atoms,  or.  in  other  words, 
the  molecular  weight  of  the  sulistance.     Whea  Uiis  is  known, 
^le  problem  can  at  once  be  definitely  solved. 

Suppose  we  have  given  the  peroeut«gti  composition  of  alcohol, 
Tb  above,  an<I  also  the  further  fuel  th»t  it»  molecular  weight  is 
^46.    We  can  then  at  once  make  the  proportions 


1     as 


]00:SS.18  =  4S:x  =  24,  thu  weight  of  the  atoms  of  cnrboD  ; 
100 :  13.04  =  46 ;  I  =    6,        "  "  «        hydrogoD ; 


100  :  S4.78  =  46  :  IB  =  16, 
'Then  it  follows  that 


oxygnn. 


«d 
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f )  =  ^  tha  aniiibCT  of  atoaia  of  cvboo  in  on*  inolecal* ; 
I  =6,       •*     I    «"       «       hydiDgon  inoneualKuIa; 
{|  =s  1,        "         "         "        oxygen  in  one  molecule. 

It  is  erideot  fVom  this  example,  that,  in  onler  to  determine 
exactly  the  ayinbol  of  a  compound,  vu  must  know  at  least  its 
approximaU  mok-cular  wdglit.  Evidently  it  is  not  easentia] 
that  vre  should  know  lltu  txart  inolcculu  weight,  but  only  that 
we  should  know  the  ya]n«  with  Bufficient  Accuracy  to  enable  na 
to  sdect  between  a  few  possible  multiples.  Thutt.  in  the  case 
of  alcohol,  the  molecular  weight  must  be  either  23,  or  a  mul- 
tiple of  23,  and  a  very  rough  approximation  to  its  ^-uluo  will 
enable  Qi  to  decide  tliis  question.  When  the  substaooc  is  a  gat, 
or  is  capable  of  being  changed  into  vapor,  iPtVAou/  <letompoiUi(m, 
we  can  easily  determine  its  approximate  molecuUir  weight  by 
ti>e  principle  of  §  18,  Uiat  is,  by  doubling  ita  specific  gravis 
referred  to  hydrogen ;  and  for  alt  tJte  problems  given  in  tli^ 
book  which  deal  only  with  the  common  gasee  and  vapors,  the 
molecular  weight  can  be  at  onc«  taken  bom  Table  III.  If 
we  are  dealing  with  a  new  substance,  we  must  deterrnine  its 
specific  gmrity  experimentally  by  one  of  the  methods  already 
described. 

^Vlien,  on  socoost  of  the  fixed  nature  of  the  Ru)>i3tanoe,  the 
last  mode  of  investigation  ts  impossible,  we  can  still  fretjuently 
dmw  trustworthy  conclusions  in  regard  to  its  molecular  weight 
after  studying  the  chemical  reacUona  into  which  the  subslanes 
enters,  and  thus  comparing  it  with  subiitances  wliose  molecular 
weights  ate  knowa  The  methods  used  in  such  cases  will  be 
described  horeaftcr,  and  then  the  validity  of  the  conclusion  oaa 
be  better  appreciated  ;  but  even  when  all  such  means  Jail,  we 
can  DevcTthetess  always  Sod  which  of  all  possible  symbols 
expresses  the  composition  of  tjie  substance  we  arc  stuiljing  ia 
the  simplest  terms,  in  other  words,  with  Ibc  fewest  number  of 
atiinis  in  Uie  molecule.  Suppose  tJic  substance  to  be  iww  ngar, 
wfaleh  cannot  be  volatilizeil  without  deoompositton,  and  of  whidi 
no  teeciion  is  tcnown  which  gives  any  definite  clew  to  its  mo- 
lecular weight  IMligot's  analysts,  cited  on  jagb  9,  shows  that 
it  contains,  in  100  parts,  42.(>€  parts  of  carbon,  6.50  parts  of 
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hydrogen; 


bydrogen,  and  51.44  ports  of  oxygen.    Aisume  for  Uie  moment 
that  Ute  molecular  weiglit  is  equal  to  100,  tkcn 

-:'^—  =  3.50,  the  number  of  atoms  of  carbon ; 

«.ao 

1 

61.44 

-^-3.2::,        oxygon. 

This  would  be  the  number  of  atoms  of  eocli  clement  if  th« 
im  of  the  atomic  weight  —  that  is,  the  molecular  woj^^lit  — 
ongar  were  equal  to  100.  As,  from  the  verj-  definition,  free- 
anal  atoms  cannot  exist,  these  numbers  are  impoitsible,  but  nnj 
her  possible  number  of  atoms  must  be  either  a  multiple  or  a 
ibmultiplc  of  llic  numbcn  found ;  and  we  can  easily  discover 
the  fewest  number  of  whole  atoms  possible,  by  seeking  for  the 
three  siu/iUi^^t  whole  luimt^ors  which  slaud  to  cfich  other  in  the 
relation  of  S,.'iO  :  6,50  :  3.22,  a  proportion  which  U  very  nearly 
eatiiHied  by  12  :  22  :  11.  TIenoc,  tlie  eiinpk'.«t  possible  symbol 
)«  C„H„On ,  and  thi."*  hna  been  adopted  by  cbemista  as  the  sym- 
bol of  cane  sugar,  although,  from  anything  we  an  yet  know,  the 
^mbol  may  be  a  multiple  of  this.  If  now.  taking  this  symbol 
U  onr  starting-point,  we  calculate  the  percentage  composition 
which  would  exactly  correspond  to  it,  we  obtain  the  following 
re-sulti,  which  we  have  arranged  in  a  tabular  form,  so  that  the 
student  may  compare  the  theoretical  composition  with  the  uum- 
bers  P^igot  obtained  by  actual  analysis. 


CiiupoBlUoo  of  C&ntt  flucftTi 

CJI„0,,. 

TbtoniitiJ. 

rwi^-i  iuijrii. 

Carbon, 

42.11 

42.06 

Hydregcn, 

6.43 

6.50 

Oxygon, 

61.46 

61.14 

100.00 


100.00 


The  difference  between  tlie  two  is  now  seen  to  be  within  the 
probable  emrs  of  aoalysia,  and  this  example  illustrates  the 
method  of  ammging  analytical  leanlts  generally  adopted  by 
chemists. 
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Pnta  tho  atxtt*  dimnion  wo  cm  taaily  deduce  •  eimplo  critfamMa- 
eat  nile  for  finding  the  symbol  of  »  eonipouiul  wlieu  iti  petoenUp 
eompoaition  U  know-o.  Uut  this  nilo  may  bo  bert  «xpRa«ed  in  in 
al^bnio  f<iniitik,  which  will  shovr  to  tho  ey«  at  oita  the  rdnljon  of 
the  ciuantitioi  involved  in  the  calcnlatton,  aud  enabln  lu  to  vxtaod  our 
method  to  the  Bolotion  of  tanny  cluaea  of  piobloms  which  wo  might  not 
otluiviw  fbreeee.     Lot  us  tln-n  niiruacut 

Bf  3r  tbo  veigbt  of  any  chemical  coinpound  in  pnunm«a. 
"  «  the  motetnU&r  weight  rf  the  coropound  in  microcritht. 
"   IT  the  weight  of  Miy  coiutilaent  erf  that  oompMuwl,  whfithw  ale- 

mcnt  or  compound  ndlcd.  in  grainni««. 
"  w  the  total  fttomic  woi^t  of  «lEmcal  or  ladic&l  in  one  mo 


and 


*  =  proportion  by  weight  of  tho  coiuUluent  in  tbu  compotiod, 


M  -  =  weight  of  oonatituent  in  if  gnmiDca  of  compound,  oc 


w=^f 


m 


Any  thne  of  tbeae  qnantitia  being  given,  the  fbnrth  cud,  of  conM^ 
be  fbnnd.     Thua  wo  uuy  >olr<i  four  chuaee  of  problems :  — 

1st.  Wo  reiny  find  the  weight  of  any  conKtitucnt  in  a  given  wmgbt 
of  a  eomponnd,  when  we  know  th»  molocuLar  weight  of  the  eompouikil 
and  the  total  atomic  weight  of  the  ooaatituent  in  one  molecole. 

Pn>Uem.  It  is  t«qniTe<l  to  Hod  tlie  W(Tit>ht  of  sulpbnric  anhjdiida, 
SOf,  in  i  flnunmo*  of  plumbic  snlpbalo.  1*60,  SO,.  Here,  w=33  +  3 
X  16  =  80,  ■i*  =  S07-M6  + 80  =  303,  and  Jf  =4. 

Ana.  i.Oii  BnBiiDe& 

2d.  We  can  find  the  weight  of  a  compound  which  can  be  piodacad 
from.  Of  comwponiU  to,  n  p  ven  wcifiht  of  one  of  it*  eonatitwBts,  wlMa 
Um  huim  <itiantttic«  am  known  as  aboro. 

Problem,  llow  many  grammes  of  common  dystalUied  green  vitriol, 
FtSO^.l  fffi,  con  be  made  from  Ognnimee  of  iron  I  Here,  tmSf, 
a«=378,  ir=5.  Am.  3tMl  gnmmm, 

3d.  We  can  lind  the  moiocotar  weight  of  n  oomponnd  when  m  ban 
given  the  weight  of  one  conetitoent  in  a  given  weight  of  tlta  oompooad, 
•ad  the  total  atomic  weight  of  that  ooartitaeat  in  the  molMtitb 
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noblem.  In  T.^grsmmeeofcthylicicxUde,  then  are  6.10S  gmnnue 
<tf  kxliiM ;  thft  total  atomio  weight  of  iodiD«  in  one  moloetile  is  127. 
Vi'bmt  is  Ui«  molecular  ircight  of  elhjtio  ioduJo  !  Ant.  1S6. 

4th.  We  can  find  the  tt>tAl  atomic  weight  of  one  constituent  of  a  mole- 
1«  when  the  molecular  weijjht  U  given,  and  aUo  the  witigUt  of  llto 
ituent  ID  s  known  weight  of  the  compound. 

Problem.  TIm  niolecukr  weight  of  acetic  acid  is  60;  the  per  cent  of 
<n  in  the  cum|iuuiul,  40.  What  id  the  total  atomic  wetj^Iit  of  cat^ 
ia  one  moloRulc  1  An*.  24. 

Wlumca  number  of  cu-bon  atoms  ia  one  moleoilo,  2. 

Tho  hut  prohlcm  is  omtntially  the  siubb  aa  that  of  KodEng  Um  rym- 
bol  of  n  coiii]i<>iincl  when  il«  puccuiitage  oompoiitiun  i*  given,  while  th« 
fiist  corre^onds  to  the  rev<!nN'  |iiah]um  of  <lc(tttciog  tho  pereentage 
oompontioD  from  the  symbol  liy  a  slight  change  thn  formula  can  be 
nrach  bett«r  adapted  Ui  this  class  of  cases.  For  this  purpose  we  may 
put  M^  100,  siDoe  we  are  solely  deoUag  with  par  cents,  and  also  put 
0  s  no,  wlii-te  a  Ktanda  for  the  atomic  weight  of  any  element,  and  n 
for  the  Duuiticr  uf  atoms  of  that  element  iu  one  molecule  of  tlie  oom- 
poand  m  an  etodying.     Wu  tbon  bave 

^^^firs 


IF=100-  and 


"  =  1507 


m 


first  of  tliese  fonns  !s  adapted  for  cnlculating  tho  per  cent  of  each 
it  of  a  uompoii&d  when  the  molm^ilar  weight,  the  niinihor  of 
■toms  of  mdi  clnment  in  one  mnlrcido,  and  the  sovend  atomic  weights, 
BTD  known ;  and  it  is  eridcnc  that  all  these  data  are  given  by  the 
cb«mical  symbol  of  the  compound.  Th«  second  of  these  forms  enablat 
tiB  tu  calcolate  the  numbot  of  atoms  of  each  dement  present  in  one 
molecule  <^ft  eompotuid  when  the  percentage  oorapoution,  the  molecu- 
wea|[ht,  and  the  sereral  atomic  weights,  an  known,  and  Ulnstretcs 
the  principle  Iwfore  developed,  ttiat  tlie  moleouUr  weight  is  on  ecson- 
tut  clement  of  the  prublnm. 


P  25.  atoohiomstricai  Probi«m»--^The  principles  of  the  pre- 
vious section  ftpply  not  only  to  single  molecular  fonnuUB,  but 
obviously  niay  also  be  extended  to  the  equationa  which  repre- 
sent chemical  changes.  Siuce  the  molecular  symbols  which  are 
equated  in  these  expresaions  represent  known  relative  weighta, 


» 
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it  niQst  be  true  in  cvoty  ciuio  th&t  we  ciui  colcolAto  Ui«  wdght 
of  either  of  the  factore  or  prodnctA  of  the  oh«micul  ohiutf^  np- 
reaoxtai,  provided  ouly  tliat  the  weight  of  Kinie  ono  is  known. 
If  we  npKS€iit  hy  tr  and  m  the  total  atomic  weiglit  uf  any  two 
symbols  entering  into  the  chemical  etiuations,  aud  by  W  and  M 
the  weight  in  grammes  of  the  lactora  or  products  which  these 
symbols  reprceenl,  then  the  siin^ile  ulgebraic  formulra  of  U>e 
]a«t  Bt^ction  will  apply  to  all  stochiomctrical  problems  of  this 
kind,  OS  well  as  to  those  before  indicated.  These  formutn.-.  how- 
ever, in  merely  the  algebnUo  expression  of  the  familiar  rule  of 
three,  and  alt  stochiometiical  problems  are  sulvcil  more  easily 
by  this  eimple  arithmetical  nik.  Usin^  the  wonl  tj/n^hd  to 
express  the  sum  of  the  atomic  weigiita  it  represenla,  we  may 
state  the  mlo  as  appUod  to  chemical  problems  in  the  following 
words :  — 

Srjirfss  the  reeHum  in  the  form  t^  an  equation ;  maJce  then  the 
pnporlien,  At  (he  tymM  of  the  mhttantt  ffirtn  ittotkt  *ya\M  of 
thf  mhitniut  rrquirtd,  ioi*the  weiffht  of  the  •Kittancf  yivtn  to  thi 
vxigAl  of  the  mbttaiux  required ;  nduc£  the  tymboU  to  Humbert, 
and  ealcviate  the  ixi/iu  of  the  uninown  quarUUn,  Ttprrstnttd,  OM 

This  rule  applies  equally  well  to  all  problems,  like  those  of 
the  last  BcctioQ,  in  which  the  eleuxiuts  or  rudlcols  of  th«  came 
molecular  symbol  asv  alone  involved ;  only  in  such  eases  then 
is  of  course  no  equatitm  to  bo  written.  A  few  examples  will 
illustrate  tlie  nppUcation  of  the  rule. 

Pmfalrai  !•  We  Imvo  given  10  kilogmianiM  ot  oomiiiou  nit,  and  It 
in  miuircd  to  tatcuUtc  how  much  hydrochloric  acid  gM  <;an  bi>  olittuncd 
from  il  by  treating  with  lulphuric  acid.  The  rcactiiMi  U  cjtpiwwd  by 
thv  equation 

If  now  m  find  the  total  molocuUr  wnighta  of  Mch  sutiBtAJiee  by  add- 
ing loeethra  tbn  atomk  weigfatowluGli  Uw  lymboli  npment,  as  olnady 
folly  explaioad,  wo  dailnw  tbe  IbUowing  pnpoitiaii. 


« 


I 


iJWt.2Sch 


!tO  :xsAns.  C.339  kilogTamiDes ; 
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whkh  EJmplf  stnt«a  that  a»  117  parta  of  codio  chloride  jldd  73  partn 
of  bjdrodjoric  add  gas,  iQ  10  kilognuumu  of  the  salt  will  jielil  6.239 
kitognunmci  uf  the  acid. 

Froblom  2.   It  i>  r<M]Utred  to  ciilcukt«  bow  moch  mlphuric  add 
i  nitra  mtut  bo  used  to  mukr  '230  gnuuoMM  of  the  sti«Dgt>8t  oitric 
The  rooeticin  is  exprrasod  by  tho  oqnatian 

vhenn  we  get  the  piopordons 

m  m 

^.SNO^  ■■  B^O^  =  250  :  z  =  388.9  gmmmea  (ulphuric  acid,  Ui  Ant. 

M        mi 
iWO, :  KAO,  =  260  : 1  =  401.2  grammes  nitre,  2d  Am. 

Hm  stadent  shonld  &Uo  solve  by  Une  same  mle  Uie  problems  given 
the  fiaKftoing  eectioB. 

k  26.  Oay-Lnaaac'a  Emw.  —  ThU  eminent  French  chemist  was 
MBic  6i9t  to  stale  duarly  the  importaat  truth,  thaty  when  gases 
or  vapon  n-act  oo  eu«h  other,  the  volumes  bnth  of  the  factors 
and  of  tlie  products  of  the  reactioa  always  bear  to  etch  other 
sotne  veiy  simple  numerioal  ratia  This  truth  is  genemlly 
known  aa  the  law  of  Gay-Lii.<i.sac,  bnt,  since  the  principle  is  a 
direct  consequence  of  the  molecular  theory,  it  is  best  Mriidic-il  in 
tliat  relation.  It  ia,  as  we  have  seen,  a  fiindamentnl  [tostulate 
of  tlie  tht^ory  that  equal  volumes  of  uU  aubstances,  when  in  the 
aeriform  condition,  contain  the  same  nnmbor  of  molecules.  Hence 
it  follows,  that  tho  volumes  of  all  single  molecule*  are  the  mm«, 
and,  if  we  take  this  common  volume  as  our  unit  of  measure,  it 
rollows,  furtber,  that  the  tntal  molecular  volume  represented  by 
any  symbol  is  alwaya  equal  to  the  numlter  of  molecules.  We 
are  thus  led  to  a  most  important  fact,  which  gives  an  additional 
meaning  to  our  chemical  symbols,  for  it  appears  that  every 
diemiad  rquation,  wA^i*  property  itrritten,  rtprttenU  not  only  the 
rdtUxve  ireyhU,  but  otto  the  retative  votttma  ^  Ha  facion  and 
productt,  wKm  in  tkt  sUUe  (^  gaa. 

Tbis  principle  is  illuBtmt«d  by  tho  following  equations :  — 
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CH^ 

+     S  0-0 

=     eOt\    +  si/,0 

■tMhOK                  OinnOWi 

CW*»»fc  Aabr4M*.           l.fi«w  Ta 

so 

^    hUH 

=     2  JW, 

+     2 

HtO 

OiMiOb. 


RNt-aMOM 


The  squares,  which  liuro  serve  to  iodieaU  equal  vuhimes,  and 
to  itnpresa  on  the  nmid  thU  additJODal  mcaaiiig  which  wc  shall 
now  atuch  to  our  molvculAr  aycuboU,  $n  eridcutly  uanoMuaijr, 
had  will  itul  bo  used  hereafter. 

The  importanl  nle  of  Um  Iwl  section  may  be  expnaaed  bj  the  fol- 
lowing pro|M>rtioD :  — 

IIqk  ffl  and  m'  reprMenl  tbo  molecular  w«ighta  of  any  two  anhatanMS, 
a  an<l  i*'  the  uuiubcr  of  uoleoulee  of  tbeoe  subetoncea  vbich  take  inrt 
in  a  cbomicv]  reuclkm,  whethor  as  bctore  or  producta,  while  a  m  aiid 
K'n*  r^priw'tit  whiU  in  thn  rtat«tnent  uf  otir  rul<i  wo  havo  uitllcd  lit 
ijpnMi  o/  lAe  (K&abtaca,  and  the  cqualton  upnama  the  fiut  that  tbo 
mm  of  tli«  atomic  w«ighu  indicatod  bjr  tbo  i^rmbola  ie  pioportionat 
to  the  iFei|{hbi  of  tbi;  KulMtancca  involv«iI  in  tine  chemical  niaction, 
whether  thcao  weights  an;  estimated  in  gramuiM  or  io  critba  ($  3). 

Now  by  tf  18).  «'  =  8  8p.  Or.,  and  by  IS],  W  =  V  x  Sp.  Ot. 
Making  these  subatitutiona,  we  may  rednce  the  ahore  propoctton  to  the 
foHowing  form :  — 

)»bi:m'  ibW:V, 

and  Uus  giros  oa  another  «ioch»iiMtrical  rals  bj  wfainh  w«  can  ealen- 
lata  the  •ofaav  of  a  gaa  or  vapor  inTolted  in  a  cbomicol  reaction,  whait 
Uw  HftjrAt  of  some  other  factor  or  product  ia  known,  or,  invmaely,  wbea 
the  volume  b  given,  calculate  the  weight. 

Sxprem  the  reaetion  in  an  eguation ;  make  then  the  proportion, 
Atone  htdf  f^  the  wgmhU  of  tk*  fint  uAttama  is  to  the  number  of 
moltrvUt  of  the  meond,  mis  the  uxiffhi  in  erUha  of  the  fint  to  the 
volume  in  litra  ef  the  teeond  ;  iWiuw  the  ijfmM  to  numben,  and 
eatmUUt  the  valtu  iff  the  tinJbnowa  jvemtity. 

This  rulft  luw  U)c  same  generil  application  as  tlw  first,  and  t 
fow  examples  will  illosCrate  the  use  of  it. 
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Problem  1.  TT^w  much  ehlgrato  of  potash  mast  \»  uaed  ,ta  olitalB 
tOn»  titra  of  oxj-ffon  gu  t    TJw  reactign  is  expteased  by  the  a^ofttiaB 

wlMooe  w«  get  tho  pnoportioa 


r 


uu 


i[  (2  KCIO,) :  3  =  ar :  1.      i  =  40.9  critha. 
40.9  X  0.089Q  =  An*.  3.604  gramnwe. 


FioI>I«m  2.  Ilow  Duiny  litres  of  oxygea  gss  can  be  obtain^  bom 
WO  gmmmcs  of  chJorsto  of  potaeh  t  The  reaction  is  the  ssme  bs  before, 
bat  in  this  oas^  the  grammes  mutt  fint  be  reduced  to  critlis.  .Tho 
ion  will  then  be  writUtn 


m 


KC10,:»  = 


_600_ 

au»u» 


:xs:  Ana.  136.6  Utno. 


Pn>bl«m  3.   How  many  litres  of  Ammoniu  gas  XH^  are  containod 
20  grammes  of  aiumouiu  diloride,  NII^IICI\    Hero  we  require  bo 
iH^ion  i  for  Lli«  hj mbol  itcwlf  givet  at  once  tlm  propottion 


)  !fH^Cl :  1  = 


an 
aoa9a 


:x=  Kan.  8.343  litiot. 


In  applying  Uie  rules  of  this  diapter  to  the  aohing  of  stoohio- 
IjDetrical  problems,  tJie  Btudent  should  carefully  Iwar  id  mind, 
jirti,  that  the  nile  of  §  2.5  applies  to  all  those  cases  in  which  the 
weight  of  one  substance  is  to  be  calculated  from  tbe  wei^M  of 
anothei ;  Kcondljf,  thai,  when  volumt  is  to  bo  deduced  from  vol- 
uvu,  tbe  answer  can  be  found  by  in«ro  iDXpcctiori  of  the  eqnatioD 
ocoonliitg  to  the  pninciples  Btated  in  §  2G  ;  and  thirdig,  tluit  tbe 
nilc  on  page  68  applies  onlj"  to  those  problems  in  which  vulume 
is  to  be  calculattid  from  weight,  or  th«  reverea  In  using  tliis 
iMt  rule  it  must  be  remembered  that  the  "first  substance"  is 
always  the  one  whow  vxt/fkl  is  given  or  sought,  while  tbe  "  sec- 
tmd  substance"  is  always  the  one  whose  volume  Is  given  or 
aoughL  It  is  evident,  however,  that  the  volume  of  any  ueii- 
form  factor  or  product  may  also  be  found  by  dividing  tbe 
weight  in  grammes  —  calculated  by  the  rulo  of  §  2o  —  by  the 
known  weight  of  one  Ula-  of  the  gas  or  vapor,  and,  on  tJie  other 
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iMA.  that,  if  the  voTutn«  of  th«  Mrifonn  ftetor  or  prodaoC  ia  first 
T«duc(Hl  to  weight,  the  same  simple  nle  may  be  used  for  calcu- 
lating weight  from  volume. 

Id  solving  stochiometrical  pmUems  iuvolving  Inth  w«igfat« 
and  volumes,  the  Usl  method  will  probably  be  pTvl'cmid  beeuiM 
il  is  the  more  obvious  one,  and  it  beooues  thfirerorv  itDportont 
to  state  in  this  coonectioa  how  tbe  Wdi^bt  in  gnunmes  of  one 
litre  of  •  giLS  or  vapor  jomj  be  found. 

Xlie  wuiglit  io  gnuiunes  of  ono  litro  of  a  gas  or  vapor,  ander 
the  sttUMlanl  oonditiona  of  tonper&ture  and  pressure,  is,  by  \2], 

irs0.0e9SS|>.Or., 

or,  since  the  specific  gravity  of  a  gas  or  vapor  referred  to  hydro- 
gen is  approximately  one  half  the  molecular  weit;ttt,  we  bare 
also 

R"  =3  0.0896  X  in. 

"When,  tlM)i«ror«,  etthor  the  specific  gravity  or  Uio  molecular 
weight  of  an  od'ifonn  9u1»l«uc«  i«  givvu,  or  vfhva  iti«  symbol 
of  the  substance  ia  known,  from  which  we  can  of  ooutse  at  onoe 
detenaine  the  molecolar  weight,  it  is  very  easy  to  calculate  the 
weight  of  one  Utre  of  the  gas  or  vapor  in  grammes.  In  order  to 
foolitatv  such  cnlcnlotions,  we  have  given  in  Table  III.  the 
'  logoriUims  of  tlie  liolf-molocular  woighU  of  nil  the  more  common 
[  jgaaea  and  vapors,  and  among  Uie  constant  logarithms  on  the  last 
page  of  the  book  will  Ik  foand  the  logarithm  of  0.0896,  which  is 
8.9523.  By  adding  thin  conKtant  to  the  logarithms  given  in  th« 
table,  we  obtain  in  each  caae  the  In^^rithm  of  the  weight  of  one 
litre  of  the  gas  or  vapor  named  in  grammes ;  that  is, 

log  ir=  8.9523  + log.  (m. 

Tlmi^  for  example,  to  find  the  weight  of  ooe  litro  of  oxygea 
gu,  we  have 

8.9A92  +  1 .2041  =  0.15«S,  tbe  log.  of  1.433  gmmmeaL 

When  only  approximate  values  are  required,  we  tuay  take  the 
VUgfat  of  a  litra  of  hydrogen  as  -^^  at  a  gramme,  and  then  i 
pnblema  uf  tbis  kind  may  bo  solved  mentally. 
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^  lulng  logultbtM  in  tlw  solotion  of  stochioinetricsl  problems,  the 

'  will  be  Tvcy  grenUy  reduced,  and  w«  give  an  adilili»iial  example 

of  a  pioblein  involving  boUi  weigbU  and  rolumes  in  orddf  to  ahow 

how  tha  calciiinUon  in  bent  ornuiijcd  wbeu  luade  by  tho  inullux)  lost 

_de«cribed. 

Problem.   How  tniuiy  litres  of  Ditroua  oxid«  gas  cu  bo  nude  liom 
iSHJi  gnrnmea  of  atmaonic  Ditrate  1 

^B  It  must  not  be  forgotten  tlial  iu  all  such  problems  we  assume 
that  the  gas  volumes  ore  mvasurvil  luidur  Uid  otaodanl  coudi- 
bions  of  temperature  aud  pressure,  aud  iu  U113  CMM  of  vapors  tliis 
aasamptioQ  sometiiiiL>s  iuvotves  the  utiuuinly  that  die  aubstauix) 
cannot  retain  its  aeriform  coudltiou  under  such  ciicuDUtauces, 


if^Hfi^  =  2ilfi  +  y,o 

1 

4»&5  log. 

2.6976 

Hfi 

46     log. 

1.6628 

K^fi, 

SD     &r.  CO.  log. 

8.0969 

i« 

32     ar.  co.  log. 

6.4949 

CoDaUnt 

0.0896  ar.  co.  log. 

1.04T8 

Am.   100  litres        log. 

2.0000 

I 


QUESTIONS    AND    PROBLEMS. 


1.  Vniatis  the  molecular  weight  of  plumbic  mlphat^,  f*b-0,'S0^1 
Of  ammonia  alum,  (A'i?,),,  [i/,>0J(5(9^,.  21^<5J  Of  calcic  pho»- 
pbaU.  Ca^O^{PO\%  Aim.  303,  906.8,  aud  310. 

»3.  What  in  th«  molecahtr  weiglitt  of  the  aymbola 
3  C,fl;0,        5  {F<SO^ .  7  Bfi)        7  K,-0,'CO  * 
Aus.  180,  1390,  and  967.4. 
3.  Are  the  total  atomic  waigbta  of  the  two  members  of  the  follow- 
ing teactioD  equal  t 

^  Ft  +  (ff,SO,  +  Aq)  =  {FrSO,  +  -t?)  +  -ffS 

^^L  Ana.  The  total  weight  of  each  member  of  the  oquatton  la  154. 

^^  4.  Calculate   the    perceuta^    eompontlon  of   ammonia  chloride, 
SB^Ct.       Ana.  Nitrogen,  26.17;  Hydrogen,  7.48;  Clilorinc,  6S.35. 


i)/cssaims  w>  novum 


H*t 


Am  Carina,  5&ft3;U7dn8<B,  4.07  ;Xt9<:««i,  1 1.39;  Oz7C4 
S6JI1. 

&  Gira  Ifaa  poHBttfi  etmfoaitkm  el  MertXom  n  foUom: 
CaAm.  laOt;  H^dragot,  a»3;  CUoniM,  89.11  It«]iui«l  lh> 
i^mtn),  kaowiDg  UmI  Um  Sp.  Gr.  orehlonfom  npot  eqnaJs  39.79. 

Am.  f7J9l?V 

7.  Giia  tfaa  iniiiahji  —iwaliBO  of  ahnaKHdii^UiirUc  1)ranU< 
a  Ukm:  11n,M-13;  CariMD.11^;  Hjrdncen,  £.97 ;  BraBiiD«, 
47.C1.  Keqidivil  the  (jnbab,  ktMwing  thai  the  Sf.  Gr.  of  th«  npoi 
«qwli  IS8.  Am.  SnC^H^, 

&  Gttva  Uw  pinntiff  wpoiMon  cf  c^jrkDe  eIiWkl»  u  JU- 
knn:  C'-artiaa.  24.34;  Hjiiragea,  4.04 ;  CUonao,  71.71  Reqahtd 
tlw^iobal,  faxmngtlMttbe  Sp.  Gcoftb*  viporaqinli  49.5. 

Am.  C^lfiif 

S.  Gina  ib»  iwwwtigB  vnfembifoa  of  tnmi  of  taiUr  as  tcSiawt: 
V^itMamam,  XLTS ;  Bj^itgm,  VU;  Onhjo,  2S.M ;  Oir^en.  51.03. 
Satnmd  ttn  «ai|ilMt  ■jmbol  pMBiUa.  An*.  KBJl^fi^ 

Id  Girm  the  pNceatagv  cMBpaaitlaB  of  etf^uSaaA  fimtxu  ml- 
plitfa  M  IbOom:  Inm,  30.15;  Sotplrar.  11.91;  Ox^goD,  33.03; 
Wite;  iS.31     Rnintiea  tbo  rittpkit  (TxhImI  |«»hfe. 

Aaa.  Krtitniting  tbo  niuaW  of  BMloenlM  id  water  (/f,0),  u  it 

witcr  wvn  a  louith  r'nr-"'  with  an  lamia  va^t  at  18,  wa 

II.  Tka  |«nuitaeB  coBpMttian  of  meqiUft  Mcndiofc  to  UaUjfi 
mhIjm  ia.—  CariwD,  7I.U ;  B/dKcoB,  K.fiSI ;  ^titn^xi.  4.M ;  Oz]^ 
pa  (I9  \tm),  16.V7.  What  b  tha  wipAbi  of  tltia  alkaloid,  and  1m« 
doMly  dooi  thlt  iTBiM  agm  witb  the  nmlto  at  aaaljm  I 

Am.  Titfi  fljvlxil  CjiBt^SO^  wrwld  n>imn  7I.SS  Caitxni,  &» 
H.T'Jnfaii,  4.91  Kibageii,  and  16.89  Oxtba. 

IS.  It  b  raqiAred  to  fisd  Iha  «m^  of  pbo^bocua  n  155  Ula  of 
oalde  pho^hate  ifia^fi^  Ana.  31  lula. 


IS.  It  i*  fiqaind  to  Bad  tha  wMgbt  of 
la  964  Uk.  of  aodk  «il]ilMt«,  Jft^SOf 


aah7drida(S0J 
IGOkflo. 
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How  nuuij  Knunu<«  of  ]ilainlitc  8ulphftt«  (PbSO^  can  be  mode 

Ana.  10.1  gcaranus. 

15.  How  UHUiy  gmmtiwti  crysUllued  eupric  solptiato  (CitSOt .  0  Bfi) 
j'icU  317  grammHiof  onppur t  Ant.  1,347  gnuumea. 

16.  RetjuiiMl  l)i«  toUl  raolecnlat  wdgbt  of  crjataUiied  sodic  phoa- 
knoving  tlut  71. G  patU  of  thtt  «lt  coDtaJo  9.3  porta  of  Mxliuiu, 

and  that  the  total  abonuc  weight  of  todium  in  odo  niolcculu  of  tlie 
compoonil  it  46.  Aaa.  358. 

17.  Tbo  moIoculoT  wvight  of  potanuc  nitrate  u  101.1,  and  3.359 
gnunmrai  of  tho  salt  contain  1.120  gnuomca  of  oxyi,'""-  ^Viint  i«  tbo 
total  ntontic  wd^ht  of  oxjrgau,  and  also  tho  ntiicbar  ot  oxygon  atoms 

^_in  one  ibuIccqId  1 

^H  Ana.  Total  atomic  wwght,  48.     No.  of  oxjt^  atouu,  3, 

^H  18.  How  muah  nitric  itcid  {ffHO^  it  mjutivd  to  diMoIrc  3.804 
^MtBimiitw  of  co]>pnr  {Cu),  and  liow  nmch  eupric  nitnte  (CiuV^OJ  and 
^Etow  iBQch  nitric  ori<l«  (XO)  will  bo  formed  in  the  prooual    Tbo  toao- 

Itbo  U  oxpresied  b;  the  eqiutioD 
I    3  C*  +  (8  HNO,  +  Aq)  =  (3  CwJT.O,  +  *  fffi  +  Aj)  +  2 ISST®. 
Au*.  10.08  gnunmea  of  nitrii:  auiit,  11.244  grammes  of  eupric  lutTat«( 
I  and  1.20  gnunnm  of  nitric  oxide. 

19.  How  much  common  aalt  (SaCt)  must  he  added  to  a  aolution 
containing  30  grammea  of  aigentio  nitrate  {Ay!fO^  in  ordw  to  llirow 
down  tbo  whoio  of  the  silver,  and  bow  mueb  ary^Btic  elduHde  {Aj/Cl} 
will  be  thu£  predpiut^'d  I 

(AyyO,  +  XaCl  +  Ai)  =  AgCl  +  {.VajVO,  +  Aq). 
Ana.  10.33  gnunmos  of  colt,  and  35.33  grammoe  of  argontic  chloride. 

£0.  How  miiny  litns  of  asunooia  gH  (593^)  and  bow  many  of 
dblorinio  ^a  {(9i<91)  ni«  requitwt  to  make  on«  tilK  of  nitrogen  gas 
(Sf  ^)  t  How  many  litiea  of  hydrochloric  acid  gas  (UI^l)  ai«  aUo 
bcnedt 

SSrai,  +  301-®!  =  631391  +  OT'Kf. 

Ana.  i  Ittnw  of  ammonia  gaa,  3  litra  of  chlorino  gai^  nod  6  litres 
of  hydrochloric  acid  gas. 


tn  quBsnoss  xiu*  pboblehs.  [f  m 

SI.  How  many  liUw  of  hjrdroclilonc  add  gu  (SF9I)  uil  bow  m&nv 
of  nxygi^ii  gas  (.^St)  can  ha  ubtaineJ  bum  oiw  litn  of  aqaemu  vojMt 
(ni,<id).  util  liuw  maay  iiUw  of  dilonnie  gas  (Ol-^)  mnrt  be  lued  ia 

31Xl,S)  -f  3>a^  =  419131  +  SKd; 
Aim.  3  litns  of  hjdiucbbde  wid  g*^  |  tili«  i^r  oxr^en  gw,  tnd  1 
litni  or  clilodM  ipu. 

I  S2.  How  iiHiajr  litiM  of  0x75"°  ^  (S^^  m  nqAad  fa  l«n 
i«Bmpl«talr  (to.  to  CTMnbiae  wiih)  wt*  litw  rf  Uwhal  »f«  (HJ^iD^ 
ftutl  Iww  DMu^  UtRn  of  cubook  ■Bhjdade  (-SSiJ  lal  bow  bb^  if 
■qOoMw  npor  (S^O)  •■•  tttmai  bj  As  pEoeenl  Ik*  cb^uol  i*- 
tMioii  wbkh  teiw  pkoa  «b>D  ■leobfil  bsM  ii  uLfumml  hj  tk 

Aa*.  Sites  cf  oxTfw  sm.  S  Stsa*  tf  ' 


Am.  !)lAn«  of  ox^^m  pi^  }  1m  HHMBMMwfi^^  1} 
H,  VbMtttb(««^te4««wBtK^wk^^wttflB^^^ 

MX      -«■«,      JTO.      Oft.     ro,     <MX 
Am.i.«»\     Ok^i,    1.SU,    1.3K.  ua,    uai. 

tk.  Hm-  «M«;<r  Sin*  if  «bknw  ^k  en  %»  ■■*  vdk  l&IS 

Utw  (if  (whtnv  Kbl^dhdr  < 
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27.  How  many  litraa  of  hydrochlorio  acid  gas  (HCl)  can  be  made 
irith  8. 1 77  kilogiammea  of  oommoa  salt  {NaCl)  1 

(2  NaCl  +  S^0^  +  Aq)  =  {Na^O^  +  ^j)  +  2  31^31 

Aufi.  3120  litraa. 

28.  How  many  gninmea  of  fanons  sulphide  {FeS)  are  required  to 
yield  668  tTm?  of  sulphnietted  hydrogen  {H^  1 

FeS  +  (ff^,  +  Aq)  =  {FeSO^  +  Aq)  +  31^. 

Ana.  2.21  grammes. 

29.  What  is  the  proof  that  the  symbol  of  water  is  SfiX    See 
analysis  on  page  9,  and  find  vapoi  denaitj  in  Table  III. 

30.  What  is  the  proof  that  Qa  symbol  of  alcohol  ia  0^,0 1  that  of 
acetic  acid,  C^fi,  t  that  of  ether,  O^S^O  t 
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fbate  we  fl»e6  •  idip  of  ntttllk  ocvper, ««  find  ifter  k  dwit 
time  tlttt  aU  tbe  alter  baa  aqaated  fom  Uw  aolaUoii,  and  that 
a  oettAin  qoasixty  of  coffits  hw  -'•— -'—^  in  tte  phet- 

(Ja-SO,  +  J^  +  Co  =  (C<.SO,+ Jj>  +  A&.         [») 

If  DOW  we  poor  off  tfae  aoiatioa  of  eaptie  nlpUle^  and  pUca 
in  tbis  solntioo  ■  stiip  of  DetaUto  nac,  tfae  metallic  copper  in 
JU  tum  will  all  sepuato,  atnl  Lu  r^iUce  it  a  oeitain  ankotml  ef 
ziuo  win  dissolve. 

(C*SO^  +  J  J)  +  Zn  =  {ZaSO,  +  J?)  +  Co.  [3lJ 

LuAly,  if  we  poor  off  tbe  aobitioa  of  ancic  sulphate,  and  plui 
in  tliis  a  strip  of  metallio  nuneuiun,  tbe  sidc  will  in  like  uan- 
nor  be  teplaoed  iy  magwigm. 

{Z»SO,  +  A^}  -c  Hg  s  ( Jf^JO,  +  -*?)  +  Zo-  [32] 

Za  experimeota  like  tbees,  we  can  by  proper  aoaljUMl 
metbods  determtne  tbe  relative  quantities  by  weight  of  tbe 
aavwnJ  nwlab  whtcb  tbiis  repkoe  each  other,  and  we  Gitd  th>l 
tbejr  are  alwajrs  tfae  mmei  Tboe^  if  our  firet  solutioa  contiused 
1U8  milUgnunmee  of  silver,  tbe  amoant  of  cacb  metal  sooces- 
sivety  disMdved  and  pncipitated  would  be,  of  copper,  31.7  n.  g., 
of  zinc,  32.6  tn.  g.,  of  msgnnium.  12  u.  g.  U<M«over,  if,  insteed 
of  osing  in  out  experimenta  a  metallic  sulphate,  we  take  a  nie* 
tallio  cUoride;  nittate,  acetate^  or  any  otber  comptHind  of  Ibe 
iMtale.  we  find  that  tbe  same  definite  ratios  are  pnurred,  at 
bast  in  every  rase  where  the  substitution  is  possible  It  wonhl 
i^pesr  tben  that  these  reUtive  quanlitiee  of  liw  aeveral  meiak 
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lactly  replace  each  oUier  in  aII  such  cases,  Tiicy  arc,  there* 
fore,  i^ardvd  aa  th«  clicmical  c<]uivnleiiU  of  each  other,  iu  lh« 
sense  that  Ihcy  nre  capeiblc  of  filling  each  othei's  place. 

In  a  strict  sen»e,  two  quantities  of  <]iirerent  eletneuta  CAti  be 
said  to  be  nptitaifiU  on\y  when  they  are  actually  capable  of 
replacing  each  other  in  some  known  chemical  reaction ;  but 
(brmerly  the  word  was  used  with  «  much  wider  significance, 
and  quantities  of  two  different  clenicnts  were  said  to  be  equiva- 
lent if  they  had  been  proved  to  be  cqiiivalcut  to  the  same 
qtifintity  of  some  thiid  element  which  served  us  a  link  of  eou- 
ion.  Id  this  way  au  equivnlonoy  may  bu  cst«blisiiol  be- 
n  all  the  chemical  elements,  and  tlio  old  ^stem  of  chem- 
was  based  on  a  system  of  equivalency  so  determined.  If 
tho  tublc  of  chemical  cquivalcut^  on  tliis  old  3yat«m  is  com- 
pared with  a  table  of  atomic  weights  on  the  new,  it  will  he 
fonod  that  thft  ntimliem  of  th«  one  are  either  the  same  as  those 
of  the  other,  or  else  some  very  simple  multiples  of  tliem.  The 
one  set  of  nambera  can  be  used  in  all  stochiouetrical  calcu- 
lations in  Uie  same  way  as  the  other,  and  on  the  old  system  the 
symbols  stand  for  equivalents,  aa  in  the  new  they  stand  for 
atomic  weighta  llie  equivalents  have  Uiis  advantage,  that  they 
are  the  result  of  direct  experiments,  and  are  based  on  uo  hy- 
pothesis in  regard  to  the  molecular  constitution  of  matter.  But 
this  hypothesift  is  necessary,  in  order  to  correlate  a  large  iiumbur 
of  facts  which  modem  chemical  investigation  has  brought  to 
light,  and  when  once  made,  the  rest  of  the  ayst«m  follows  as  a 
necesaary  con.«eqiience. 

I  28.  QtiaaUTalsiioa  or  Atomldty  of  tiM  Elementa.  —  If  now, 
Starting  with  the  atomic  weights  as  they  bavG  been  deter- 
mined or  assumed  in  Table  II.,  we  compare  together  the  different 
elements  from  the  point  of  view  taken  in  the  last  section,  it  will 
be  found  that,  while  in  some  caaes  one  atom  of  one  element  is 
the  etiuivalent  of  one  atom  of  another,  in  other  cases  it  may  bo 
the  equi%'aknt  of  two,  three,  or  four  atoms.  Since  in  the  system 
of  this  hook  the  symlxils  always  stand  for  atomic  weights,  the 
relation  here  rvfuired  to  is  made  o%'ident  whenever  any  meta- 
thetical  reaction  ia  expressed  in  the  form  of  an  equation.    A 


27. 
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mmt  cAscs,  liowevor,  the  ^uantdvaknce  is  iodicated  with 
imnt  dcarncts  by  the  closhoa  wliich  are  need  in  this  book 
»eparato  the  parts  of  a  molvcnW  symboL    Th«  uutabei  of 
these  (lashe-t  U  alsvays  the  .muic  a»  Utit  qiiautivalcQCti  of  the 
atoma,  or  groups  of  auims,  mi  either  side. 

With  those  additions  to  our  notation  we  are  able  to  oxprcsa 
by  OOP  flvnibob  all  that  was  valimblu  in  the  eld  system  of  equiv- 
alents and  at  the  same  time  all  that  is  peculiar  to  cur  modem 
KBoriea. 
Precisely  the  same  lelalious  of  qiuntivalcace  are  maoift.'jtod 
Hi  more  fully  by  the  compound  radicals,  whenever  in  a  chemi- 
cal rcacliuu  they  chan(>e  places  with  elementary  atoms,  and  their 
■pkciiig  value  is  indicated  in  the  same  way.  Hios,  in  the  fol- 
reaetion, 

cAp-Cl  +  IfO-H=  H-Cl  -(-  ltOcJi.O  [38] 

I  radical  CJUO,  nann-d  acetyl,  changes  places  with  one  atom 
\  l^rogen,  and  is  therefore  univalent,  while  in  the  next. 


CUotVforti, 


lI>ilr<iV4B]c  i^A 


[37] 


be  tadical  CTT  is  as  evidently  tiivalcDt. 

The  quanti valence  uf  an  element  or  radical  is  shown,  not  only 

its  power  of  leplaciug  hydrogeu  atoms,  hut  also  by  its  power 

teplacing  ftny  other  atoms  whose  qu&utivalencc  is  known. 

bus,  as  is  shown  by  [30j,  the  atom  of  copper  is  bivalent,  I>e- 

iisa  63.4  m.  a  of  this  metal,  the  weight  of  one  atom,  repkces 

m.  c,  of  silver,  which  is  the  weight  of  two  atoms,  and  these 

last  by  [:13]  are  known  to  be  univalent.    Again,  it  is  shown  by 

[31]  that  the  atoms  of  zinc  are  bivalentv  because  65.2  m.c.  of 

zinc,  or  one  atom,  replace  63.4  m.  c.  of  copper,  the  weight  of  an 

^jtoni  just  shown  to  be  bivalent. 

^B  Moreov«r,  it  is  n  remarkable  fact^  which  has  a  most  important 
^BHring  on  our  chemical   philosophy,  that   the   quantivalence 
pVf  to  element  or  radical,  ns  shown  by  its  replacing  power,  cor- 
responds exactly  to  what  wc  may  term  its  atan^fxing  power, 
that  is,  to  its  power  of  holding  other  elements  or  radicals  in  a 


80        gcAxnTuocE  m  aiommii  of  th  elemcnis.    i^ei. 

I  molecule.  We  mnj  uke  is  trr— ;ilBi  lis  Bidlaoafaa  of  four  vci; 
cluLracterutic  ooiii|wyih.  wmmtiy.  bfdroeUcbo  scid,  water,  ■!» 
tnooia,  ami  musk  gu,  wliow  cyakbals  IM5  be  vhu«ii  tlios: — 


Wt        M  i?J     «  a  » "         H.  //.  //.  MtT 


By  these  symboU  it  iiipesn  that,  wlula  tha  auivalent  aknagf 
chlorine  cau  huld  boi  ooe  a&wb  o(  hjdnigei).  Uio  bivaleuL  aua 
of  oxygen  hoUs  tvg,  Uw  UiTakat  mam  of  tutngco  thra«,  ud 
lie  (^uftdriv'^ltfnt  atom  of  carboa  four  uoma  of  Ute  Game  "i^'nwn 
I  appoars,  tWtt.  that  thi!  Uoman  aaifwh  or  daalies,  whidi  n^ 
.t  tfae  repUciag  power  vt  llw  atoms  or  ndioala,  lepreMia 
also  the  «ttom'jia'ig potaer  of  ifae  aame.  measured  ia  each  caae.  bf 
Uio  number  of  atoms  of  bjdrogeo,  or  their  equi\-alcnts,  «iUi 
wbioh  theae  atoms  or  tadtcala  can  eombine  to  form  a  sin^ 
moloenle.  Ou  aooonnt  of  the  impoctaoce  of  thia  principle  we 
ahull  ext«ail  our  iUuatrations  to  a  number  of  other  oompnundt, 
and  Ute  student  should  carefully  compare  in  each  case  tbo  quut- 
tlvalenoe  on  tho  two  aides  of  the  dash  or  dashes,  which  mark  the 
atom-fixing  power  of  the  damiuant  atom  in  tha  molecule. 

t    I  t  I  II  II 

Xa-dt  EI  CM.'Br  M-CN 


tkiMa       Wjfcti,    111         f mil 

I  II   1  n    n  t  n     I  »  "      i__ 

K^hH        rirO        JUJ-SO.        Hi>€.R.O; 
Mum  iii<iin»  riMMioiMi.     mm*  MA  iMu^kirf 

Tito  qaaotlvalencs  of  the  chemical  elements,  e^ieciaUy  aaj 
dlcat«d  by  tbeir  atom-fixing  power,  is  by  no  means  always 
MSHL    lliay  constantly  exhibit  under  different  ooaditioua  an 
UiHMinut  atom-Axing  power.    Thus  we  hare 

S»C\,  and  i-flCT,  "t?ii  and  A?,  Vi^  "d  SlJfii 

n  nr  vm  n  Ti 

ojCT,      o»Ci,      o#o«      ivo;      /v,cv 

^^     1  tlilTt-renl  conditions  of  quantiraleoce  the  same  i 
ildn  uompoaDds  which  differ  fitom  each  other  aa 
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^B  the  Gompoaiids  of  difTorcnt  elements,  and  hence  arises  a  gmA 
fliffiuulty  in  cLMSifyiTi<^  t)io  clcuienls,  for  the  same  element  In 
difl'crciit  uUitttS  of  rxuniiliviilcnec  may  ha%-e  wholly  different  afBni- 

CB  and  tvlations.     Thus  the  ferrotu  couipouods  of  iron  which 
ntain  Fe  are  wholly  uuliko  the  /errk  compounds  which  con- 

tain  [/'<J;  and  while  la  the  flrat  state  iroQ  ia  closely  relaUsd  to 
nMgneaium,  in  the  lasit  state  it  miut  be  olnued  with  aluminum. 
A  !>tin  more  atnking  example  is  ofiered  hy  the  eleuicnt  inangA* 
itese,  which  iu  its  extnime  condittona  of  quaiitivalence  is  relatt^d 
to  elements  as  unlike  each  other  as  zinc  and  chlorine.  Aa  a 
general  rule,  however,  one  of  the  posaible  conditions  of  an  el&- 
ment  is  more  common  and  stable  than  the  reat,  and  in  seveml 
cases,  as  with  hydrogen,  the  quantivalence  appears  t«  be  abao- 
lotely  invariable.  A  multitude  of  facU  illustrating  these  prin- 
ciples will  be  brought  to  notice  in  Part  II.  of  this  work. 

The  possible  de^es  of  (iiifinti\'nlcncc  of  an  uli^^mcnlary  atom 
■b  usually  related  to  cftch  ottiL-r  by  a  very  simple  law.  With 
»w  exceptions  they  arc  cither  all  even  or  all  odd.  Tlius  the 
atom  of  sulphur  may  bo  sextivalcnt,  quadri\-olent,  and  bivalent, 
hut  is  never  Crivalcnt  or  uuivaleut ;  and,  on  the  other  hand,  the 
atom  of  iiitrogeu  may  be  quinquivftlent,  trivalent,  and  univalt^ntv 
but  not  quadrii-alenl  or  bivalent.  Atoma  like  those  of  sulxiliur, 
which  liave  even  degrees  of  qKontivalence,  have  been  called 
artia^s,  while  those  ha\nng  odd  degrees,  like  nitrogen,  have  been 
called  pfritsaiU.  This  distinction  has  been  thought  to  be  one  of 
fundamental  importance;  hut  although  the  principle  in  geuoml 
hoMs  true,  there  are  striking  exceptions  which  have  not  yut 
be^i  reconciled  with  the  theory. 

The  word  tilomitnlt/  is  n»od  by  «ome  aothora  to  express  es- 
sentially Uie  same  altimtc  relations  which  we  have  called  quan- 
tivalvuce,  and  atoms  are  clashed  as  monada,  <!yada,  triads,  etc, 
acconling  to  the  number  of  univalent  atoms  they  replace  or 
bind  togetiier.  These  terms  are  in  themselves  unobjectionable, 
bat  they  are  usually  associated  with  a  theory  still  held  by  some 
cbemiats,  that  every  atom  has  a  fuced  and  invariable  atomicity 

Sis  its  essential  cboractvristic.    Those  who  adopt  this  theory 


OF  SADICAtS.  [{] 

*K  &BWt  Kfcned  to  v&rtoldc  qJi 
■  ad  anifices.  fotjjettiug  dtst  tj 
s  a  caHsi^  £icu,  and  Uiat  it  hi 
■m  ^  bopaotM  iieeeasar>-  to  leao 
IB  ouDtnil  We  tberefoi 
Its  derivatives,  whivli  imjj 
«*w»irtfy,  nunuuU,  djfod 
IB  liie  next  sedin 


J 


—  Whan  in 
or  oeDtnl  attHO  i 
«■  hoU  oT  that  kiod. 


■nugeu  U  qi 
of  aaaw  atliDr  atoQ 
WTiileii 


fincllT'wiUtiiion  i 


«\        ACT, 

viUxlraw  on  or 

(i«  m(    may  bi  rt- 
^  «*>MNn(y  c^MoJ  to 
■niCWnum.    Tbi 
gu  ^,(?  we  withdmi 
nediyl  ^,^.  whidi 
.-____-»•  h«To  tlio  nuiir-nl  ff^ 
ntevibw.  then  twulu  J7C.  w1 
«D  fcmr,  we  IbU  l«ek 
if  6mii  Uw  Batatated  tool 
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nomad.*  If  now  Vn;  wiUidraw  from  A'O,  onfl  of  its  TCiDaimng 
atoms  of  oxygwi,  we  iuivc  loft  ^'0,  which  is  ti  triad.  Lastly, 
a  molecule  of  siilphunc  aubydridc,  SO,,  whfcli  U  satumted, 
givts,  hy  wiUidiawiii^  on«  aium  of  oxygen,  SO,,  which  nets  ae 
t,  bivalent  r.ulicaL  Tliese  considei'Ationn  l«ad  us  to  a  simple 
nle.  first  stated  by  Wuttz,  which  in  almottt  every  case  will 
9Dab1e  us  to  infer  the  atomicity  of  any  given  radical:  The 
tUomidty  of  a  compound  radicat  u  afteayg  frjiial  to  the  num- 
her  of  hifdrt^ffTi  atom*,  or  their  tqvvBaUnts,  irAi'cft  the  tttt  may 
he  regarded  as  kaciitff  lout. 

It  must  not  be  supposed,  however,  that  all  such  radicals  are 
possible  compounds.     In  a  few  cases  only  these  leeto,  of  which 

^w  have  bceu  Hpcaking,  form  non-saturated  ntokcoles,  which 

'•re  capable  of  existiug  to  a  free  state,  like  tliose  of  carbonic 
oxide,  nitric  oxide,  and  sulphurous  oxide.  At  other  times  Uiey 
are  compound  radicals,  which,  by  douUing.  form  uioleculea 
that  can  exist  in  a  free  state,  as  tliose  of  cyanogen  ga.s,  and 
perhaps  also  of  some  hydroearlx>n.s.  Again,  they  appear  as 
ompound  tadicals,  which  pass  and  repass  in  «>  many  chem- 

ncal    reactions    as   to   almost  force   upon    us   llio   belief  that 
liey  have  a  real  existence,   and   represent  the  actual  group- 
of  the  atoms  in  the  compouncU  of  which  ihey  seem  to 

'Ik  an  integral  part.  Stilt  again,  and  even  more  frequently, 
they  cuu  only  bu  rc^jarded  as  conveuieut  factore  in  a  chem- 
ical eciuation. 


Il 


QUBSnONS  AND  PBOBLEMS. 


^'iM^^G^  ^^^  following  metatli«tical  ieaction%  showing  in  eadi 
case  how  tnany  parU  of  the  sevomi  ekni«fit«  arc  n^aivalont  to  one 
part  by  wnight  tif  liyilrogpn,  and  alw  to  bow  many  atoms  of  hydro 
gen  i>iM  atom  of  each  of  Uie  intetvlianging  «l«itieiit«  oonespond*.  For 
the  atomic  weights  retot  to  the  table  on  pogu  269. 

*  A«  la  manj  <if  ih  chfmkal  nUtiani  a  comjvmn J  niiiii^ol  h  the  eqdraUitt  at 
•B  alfOMilaij  atam.  it  ii  unial  to  spttk  of  otoifu  <•/ u  nu^ua;,  although  ttwnni* 
ImptiM  aa  obriooi  ■olodim. 


ATOMICtTY   OS  <)l.'AMTtVALl!LNC£  OF   RADICALS. 


[fsa 


-UCplaui  tlie  phenomena  which  we  h&ve  refcrt«d  to  variable  qnaa- 
tivileuce  by  various  a&sumptions  and  ortiticcs.  fot;gt!Uiug  tlial  tlie 
whole  object  of  sncli  a  tkeoiy  is  to  classify  bicta,  and  Uutt  it  bas 
outJir«(l  ila  Ufiefulness  as  sown  as  it  becomes  vficetsary  Lo  Te«att 
to  expetlieots  to  bring  the  facta  under  iU  cotitiwl.  Wc  ibt-refon 
pToTcr  the  t«rm  quatUivaUiux  and  its  dvrivntivvs,  uliich  im]>Iy 
no  Uioofy,  and  we  sliitll  aw  the  Uirnis  alwiieity,  tnmuiils.  rfyorfi, 
etc,  only  in  such  etwes  as  tho^  di.i»cribe(l  in  tl>e  next 
where  the  (^uantivaleuoe  is  iDvariabla 

2'.),    Atomlalt7  or  Qtuuitlvmlenco  of  B«dl«ali.  —  WtiOD  in 
molecule  of  any  coniiMuail  tlte  dominant  or  central   atottt* 
United  to  aa  many  other  atoms  as  it  can  hold  of  that  kind, 
molecule  is  said  to  be  saturated  ;  thus, 

HCl       Bfi        H,y        Bfi 

aro  aD  saturated  molecules ;  fi>r,  although  nitro^n  is  qiiioqv 
valoiit,  il  caiiDOt,  witliout  the  int^rvt^ntion  of  mmi;  other  atom 
or  ndieal,  hold  more  than  tJiree  atoms  of  hydrogeiL  Whil^  on 
llio  other  hand,  the  molecule» 


n 
CO 


» 


n 


ate  tiot  satumtod.  for  tliey  caa  comhine  directly  with  more  oxygra 
or  cldoriue,  foruiing  thus  the  satuntcd  molecules 

CO,         PCI,        SnCl,. 

If  now  from  a  saturated  molecule  we  wittidraw  one  or  more 
atoms  of  bydrogcD,  or  their  equivalents.  Iht  rvsi  may  be  n- 
gardtd  <u  a  ixr»pound  nutieal  mih  an  atomicUi/  fpiai  to  tJu 
numlitr  0/  hydrogrn  atoms,  or  their  equirataiti,  mlMratm.  TTins, 
if  from  the  ntnrated  mnloculo  of  manh  gns  ff^C  we  witbdnw 
one  atom  of  hydrogen,  wo  get  the  nulical  methyl  fffi.  whidt  is 
a  monad  ;  if  wc  withdraw  two  atoms,  we  have  tlio  ndirol  fffi, 
which  ta  a  dyad ;  if  we  withdraw  three.  Uten  mulln  tlC.  which 
b  a  triad ;  and  lastly,  if  wo  withdraw  all  four,  wo  fall  back  oa 
the  tetrad  atom  of  carbon.  A^in,  if  from  the  aaturatcd  nwle' 
cula  of  nitric  anhydride  iV,0,  we  withdraw  one  atom  of  the  dyw) 
Oxj^OQ  0,  it  falls  into  two  atoms  fA  JfO,,  each  of  which  it  ■ 
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•mad.*  If  BOW  wc  wiihiiniw  from  jVO,  one  of  ita  remaining 
ioma  of  oxygen,  we  have  lc:ft  At>,  vhich  is  a  triad.  Lastly, 
molixule  of  sulphuric  aobydritle,  $0,,  wliicb  is  saturated, 
v««,  Vy  withdrawing  oue  atom  of  oxrgen,  SO, .  which  acta  as 
bivalent  radical  These  coDStderationa  lead  us  to  a  simpl« 
first  stated  by  Wuitz,  which  in  almoet  c\-cry  cosu  will 
lable  us  to  infer  the  atomicity  of  any  jjiveu  nidiml :  Th£ 
icitjf  of  a  compound  radicai  w  a/wny«  nfjtnl  to  iht  n«»^- 
her  of  ht/dngtn  aitms,  or  their  equivalents,  vAiM  the  rest  may 
he  regarded  m  kavitig  foal. 
^^  It  must  not  be  tsuppoecd,  however,  thtt  fdl  such  rndiods  aro 
^gosiible  compounds  la  a  few  cases  only  them  re3t3,  of  which 
we  bave  been  spcskiiig.  form  non-saturattHl  molecal«s,  which 
are  capable  of  existing  in  a  free  statu,  like  tliose  of  carbonic 
oxide,  nitric  oxide,  and  sulphurous  oxide.  At  other  tiniefl  they 
are  compound  radicals,  which,  by  doubting,  form  molecules 
that  can  exist  in  a  free  8tat«,  as  those  of  oyunog«n  gns,  aud 
perhajxi  al^  of  suuie  hydrocarbons.  Again,  they  appear  as 
compound  radicals,  which  paas  and  repass  in  ao  many  otiem- 
ical  reactions  as  to  almost  forc«  upon  us  the  belief  that 
they  bave  a  real  existence,  and  represent  the  actual  group- 
ing of  the  atoms  in  the  componnds  of  which  they  eeeu  to 
be  ao  integral  part.  Still  ag^n,  and  even  more  frequently, 
Utty  can  only  be  regarded  as  oosvenieiit  factots  in  a  chem- 
ical equation. 

QUESTIONS  AKD  FKOBLEUS. 

L  Analyin  the  fotlon-ing  incLilliciticBi  rmclions,  shoving  in  each 
ease  liow  many  luiitt  of  Ibn  envenl  <<l«iiients  are  equivalucit  to  one 
part  by  wci^lit  of  Iiyilrugi-n,  mail  alu  to  bow  many  nlonu  of  hydro- 
gen oii«  atom  of  each  of  tht'^  iiilcTchnnginz  dements  oonvsjionds.  for 
the  atomic  w«ghts  refer  to  tho  table  on  paga  366. 

*  Ai  In  muiy  of  \U  «h«mlo«1  relnliona  n  compound  ndlcil )«  it\r  cfiiiivulnnt  of 
an  alMMstoty  ston,  it  U  uaiul  u  tpnlt  of  otenu  of  a  rwUM^  altiiough  ili«  um^ 
bapltM  an  obrisiu  *"'-"—"■ 


1 


u 


QtxsTioss  AMI  rsokixus. 

owe  Mm  iiiilfr<iA. 

gfO^^  +  3  iK3 


liso, 


sice.  +  zifOH. 


A  IfOff- 


S.  MJike  out  s Ubk  of  chemical  oioinlenu  to  tuna  tho  Kttcttow 
of  titia  chapter  wiU  enable  fou  to  deiaee  them  bom  Um)  atOmie  w«i^U 
ghrao  i&TaUn  U. 

I  I 

3.  Anoljai  the  (anoTiqg  metrthetiMJ  nactkuia,  tliowiiig  in  «Kfa 
ease  how  Uw  qcuuitiraktKo  af  the  MTual  conpouuil  n^tr^h  uito1««J 
in  tiie  nwrlalhflffin  ia  indkataL 

If  Off  +  {C^.oyoiC^jm(Ctff,oy-o-B+  B-Oic.ff^ 

2  Jr-<r.r>  +  (C,ff>Br.  =  fc,/f,wcM,  +  2  ^Sr 
s  /FOtf  +  {C^>CT,  =  (CJy>o,-fl;  +  s  wt 

Tbo  OuaCA  of  Um  ndkak  are  a*  IbHows:  C^ff^O,  Acetyl;  Cfff^, 
Elhyl;  <'^„  Etbylana;  e^„  GlyecfTli  C-V,  CyMiogon. 

4.  ^>1ut  n  tho  aloiD-fcdiiig  povcr  or  qnantiTabDoo  of  the  41: 
alOBH  an*!  redicali  a  tbo  following  ■jrmbokt 


MTf  0,-('(9 


(.vffCfO-xo 


i^or.^-.o,        C^(>>;i^Wjfl;oj         ^^\Sf' 


(acetic  add^  and  C^ff^O^  (ojtitie  actd)  arr  Btnrated  bwIohiIm,  whal  k 
the  atfomaty  of  tlia  radicals  ffO  ffajdraxrl):  C,IT,  Mh;1):  C.ff. 
(alliyletM);  r^,0  (aldahjde)  j  CO  (cartponyl) ;  C^,0  (acetyl),  iial 
C;0,<oaljl)l 
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'so.  Sabatitutioii.  —  ^VheIl  acetic  add  is  exposed  to  tbe 
action  of  chlorine  gas,  wo  obtain  three  8ucisc««ivo  products, 
which,  although  not  groatly  diflbring  from  the  original  com- 
ponnd  in  their  chemiwil  nilations,  urc  fouiiil  on  analysis  to  have 
lost  a  certain  amount  of  liyilrogco,  and  to  have  gained  an  equiva- 
lent ttmount  of  clJoriuc  iu  its  [vlaoe.    These  products  are,  — 

Acetic  Add,  C,//«<?,  vr  (C^ff^OyO-ff 

Chlwacetic  Acid,       C,(ff,Ci)0,     "    {C^JJlhyd-& 

DiclJowucelic Acid.    C^ilf^Ce^O,    "    {C^flCl^byB-l} 

TricUowortic  Add,  CjiHCQO,     "    {C^Cl^hyo-II 

Aa  the  symbols  indicate,  we  are  thus  able  to  replace  eitb«r 
two,  or  three  of  tlie  four  atoms  of  hydrogen  which  the  mole- 
cule of  acetic  acid  contains  by  atoms  of  chlorine.  We  cannot, 
bowex'er.  tlins  replace  (ho  fourth  atom  ;  and  this  fact  Reems  to 
prove  that  there  ig  n  real  diffureuco  between  this  atom  of  hydro- 
and  tlte  other  three;  that  is,  thnt  it  stands  in  a  dilferent 
itJOQ  to  that  atomic  structure  which  we  call  a  molecule  of 
acetic  acid.  This  differenoe  n-e  attempt  to  nprescnt  by  tlte 
Aynilxita  in  tho  second  column  of  the  table  just  given  ;  and 
although  the  student  will  not  as  yet  comprehend  the  full  nH'an- 
ing  of  these  ^rmbols,  he  can  easily  see  that  tliey  reprcsont  thu 
three  replaceable  hydrogen  ntoms  as  standing  in  a  difTcreiit  rela- 
tion to  the  molecule  from  that  of  the  fourth.  Moreover,  sinoo 
all  of  these  products  rescmhlo  the  original  substance  in  that  th^ 
yield,  when  treated  with  alkalies,  crystalUae  salts  in  which  the 
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fourtlt  fttoni  of  hy^^rogen  i»  replaced  by  an  atom  of  sodium,  potas- 
sium, or  annnonium,  as  the  case  may  be,  it  is  abo  evident  tbattlia 
cbcmical  relations  of  these  compouads  must  depend  to  a  laige 
extent  on  the  manner  in  vhich  the  atoms  are  combined,  and  not 
simply  on  the  qualities  or  proportions  of  the  elementary  sub- 
stances present  in  the  compouniL 

I>roducl8  which  sufttaiu  a  siinikr  nlation  to  Ch«  oompoimd 
from  which  they  ore  derived  ore  called  tuldiiution  products,  and 
it  was  the  study  of  suoh  substances  that  first  led  Dumas  to  tlis 
ootHWptJon  of  what  be  called  tiamieal  t*/pa;  and  tbts  I«rm  as  fint 
used  was  intended  to  convey  the  idea  just  expresseil  wtilwut 
dafiunig  the  mode  of  combination.  It  bad  pre^'io^sly  been  m- 
«umed  that  the  qualities  and  relatione  of  a  compound  depeoded 
solely  on  the  nature  and  proportions  of  its  constituents,  and  tliifi 
conception  of  structure  opvuiid  a  new,  and,  as  has  proved,  a  matt 
fruitful  fiuld  of  chemical  iuveAtigatJoiL 

31.  laomorpblsin.  —  Closely  adsociatod  with  the  facts  erf*  tie 
last  section,  which  find  their  chief  manifestation  in  substances 
of  organic  origin,  are  the  phenomena  of  i*amorplugm.  which  ars 
equally  conspicuous  among  artiHcial  salts  and  notivu  ininerak 
v%.  1.  There  seems  to  be  on  intimate  connbction 

between  chemical  oompoeition  and  crystsit 
line  form,  and  two  substances  which  under 
a  like  form  have  an  analogous  compositioB 
are  said  to  be  iaontorp/totu.  Thus  l)ie  fial- 
lowiui;  minerals  all  crystallixe  in  rhombo- 
hedrons  (Fig,  1),  which  have  very  OMily 
the  same  inter&cial  angles;  and,  as  the 
symbols  show,  they  have  an  analogous  compositJOD.  Xbaj  are 
theroforo  isomorpfaous. 

Calcic  CarboMt<v  Ot  Caldte,  C<rCO, 

Mafinnic  Carbonate,  or  MBsnotttv  ifsrf^O, 

Tarrom  Carbonate,  or  Chalybdito,  FrCO, 

UaaganouB  Carbonat«,  or  Dlallogitt^  Mn'CO^ 

Ziwde  Carbonate,  or  SmitbsoaiUi,  SSvCO, 

The  most  cursory  examination  of  those  symbols  wHI  show  that 
they  differ  from  each  other  only  in  the  &ct  that  one  metallic 
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tftUm  has  been  mpkced  by  anoCbet.  It  is  not,  however,  evtry 
metallic  atom  wlitcli  can  thiu  be  pat  in  without  altering  tJie 
fonn.  This  is  a  peculiarity  that  is  confined  to  certain  groups  of 
elfimeats,  whicli  for  lliiii  tva^on  iirv  <»01«d  groupe  of  iaomorphoos 
etementa.  ^lurvovur,  as  m  nil<s  t)i«rv  is  n  close  roeemblance  be- 
tween Uie  UM>inboT9  of  any  one  of  Uiose  group?  in  all  Ihoir  other 
chemical  ivliktion^.  I'hese  i:Kts,  like  thoAo  of  tite  last  Ruction, 
t«Dd  to  show  that  the  molecules  of  evety  substance  have  n  lUteN 
mioate  structure,  which  admits  of  a  limitod  substitution  of  parts 
without  undergoing  essential  chan^,  but  which  is  either  de- 
Mioyed  or  takes  a  uew  shai>o  whun  in  place  of  one  of  its  con- 
stitoents  we  forc«  in  an  uncoiiformablo  element  A  well-known 
class  of  artiiicial  salts,  called  the  ahinis.  affonls  even  a  luore 
striking  illtutiation  of  lh«  principles  of  ittoinorpliism  thitn  lii« 
sunpler  oicatnpto  we  have  cho«en ;  but  all  the  bearings  of  th« 
subject  cannot  bo  luidentood  without  n  knowledge  of  crystal* 
logropliy,  and  we  must  tiierefore  refer  for  fnrther  details  to  works 
on  mineralocy. 

ki  3^.  DominKRt  Atonw.  —  Assuming  that  the  weights  of  the 
'stoma  have  been  previously  established  by  the  methods  of  Chap- 
ter  IV.,  it  has  been  shown  in  Chapter  VII.  that  the  quantivaleuc* 
6f  «Q  atom  is  u  fact  of  observation.  When  uow  we  add  to  this 
tho  further  fact,  that  th«  qaantivalence  of  ru  atom  is  the  measoie 
of  what  we  liavc  called  its  atom-lixing  pon'er,  we  aro  naturally 
brought  to  tlifl  concluiiion  that  tliese  phenomena  are  merely 
difforent  nianifc-station.i  of  the  same  attribute  of  the  elemenlaty 
atoms  by  virtue  of  which  each  is  able  to  bind  to  itself  a  limited 
number  only  of  other  atoms.  Tims  in  the  molecules  roprcsentwi 

by  the  symbols 

n  m  IT 

n,o      ff,y     fffi 


jrd 


I  in  which  the  number  of  univalent  hydrogen  Atoms  indicates  the 
Icnown  quanlivalcuce  of  the  atoms  with  which  they  are  associated, 
■we  must  tvgard  the«e  hydm^'cn  atoms,  not  as  united  with  each 
other,  but  as  severally  bound  to  wlmt  we  may  call  the  dominant 
'otom  of  tlie  group.  It  appears  as  if  each  atom  had  a  certala 
d«fiait«  number  of  pole?  or  points,  at  which  other  atoms  con  be 
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aniUKl  with  it,  Mid  tb«t  its  possibilities  of  oombioatioii  an  lin- 
it*<t  by  Ui«  number  of  tbeee  bonds.  ConveutionoUy  we  rep- 
resent ihese  bonds  by  <la«h<]»,  and  indicate  the  coostitution  o^ 

the  above  moleculw  Lbus  :' — 

IT  H 

ffCl        if  OH        H-y        ff-CH 

H  H 

It  n-ill  be  nottoed  that  the  onnclasion,  simple  as  it  is,  which 
ve  bnve  now  reached,  necessarily  involves  the  same  idea  of  mo- 
lecular stmcture  already  racogmzol  in  the  previous  sectiooi. 
^Ve  do  not  as  yet  aascrt  in  regard  to  these  hydrogen  atomi 
Uiat  they  are  united  to  ibe  (tonuuin/  atom  of  tlio  molecule  in 
any  definite  relative  pofiitioa,  and  the  oojifiguration  of  nur  8}-m- 
bol  is  pnrctly  fouciruL  ludeed.  we  do  not  necessarily  conceive 
that  the  atoms  of  a  molecule  have  any  fixed  relative  positioD ; 
and  there  are  phenomena  which  would  lead  us  <o  infer  that 
they  may  be  in  motion  among  themselves.  But  we  do  feel 
justified  in  the  conclusion,  that,  in  the  molecules  above  repre- 
sented, the  hydrogen  atoms  are  directly  united  to  the  domintjit 
atom  which  forms  the  nucleus  of  the  group,  and  that  they  an 
Dot  united  to  each  other.  These  conclusious,  moreover,  are  greatly 
coriRmicd  Viy  tlie  fact,  thatv  when  tlie  hydrogen  atoms  of  these 
molecules  are  replacixl  by  atoms  of  a  di/ferent  kind,  it  is  olwayi 
the  case  that,  whil«  a  univalent  atom  takes  the  place  of  a,  single 
hydrogen  atom,  a  bivalent  atom  replaces  two,  a  trivaWnt 
three,  and  a  qoadrivaleDt  atom  four  such  atoms.     Thus  we 

//,C«7  B^CLJC         nciiC         CtfC 

Oct,  0  CO,  ctyff        ctxcL 

It  ia  not  euy  to  form  a  clear  conception  of  the  mode  of  actioa 
of  the  force  which  doterroines  such  definite  boiida  of  union  be- 
tween various  atoms.  The  nearest  analogy  to  these  reinarksblB 
p)>enoroeDa  is  that  presented  by  multi]>le  magnetic  poles,  and 
there  are  &cta  which  suggest  the  idea  tltat  the  chemical  fa 
which  hinds  together  the  atoms  is  a  polar  force.  In 
witli  this  conception  is  the  foci  already  referred  to,  thai  the  dif- 
fen-ut  degrees  of  quantival«uc«  of  the  tame  atom  diOisr  in  moat 
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,  if  not  iilWftp,ty  pairs.  In'fliteh  awes  this  tmiise/t  ■|»n<Js 
lea  of  the  domiQant  atom  may  be  supposei)  to  neutralize 
each  other,  like  two  opposite  poles  of  a  magnet  when  brought  in 
contact  or  united  by  an  anoature,  as  is  in<Ucated  by  the  symbols 
two  well-known  molecules, 


oco 


coo. 


I" 
When  to  each  of  the  bonds  of  a  mnldi-ttlent  radical  is  united 
\a  atom  of  the  same  kind,  aa  for  example  in  the  molecules  If/f 
tod  ffiC,  we  cannot  —  at  present  at  leaat  —  diatingniiOi  otifi  IVom 
he  other,  and  the  forces  exerted  at  the  several  points  appear  tO 
be  in  all  respects  equal ;  but  when  the  atoms  united  to  the  nu- 
cleus are  not  all  alike,  tlfen  at  once  a  marked  difference  becomes 
manifest  Thus  in  the  molecules  K-O-H  and  H^C-Cl  wo  are 
able  to  prove  that  the  atom  of  potassium  in  tlie  first  case,  and 
the  atom  of  chlorine  in  the  second,  8t«ud  in  a  very  different  rela- 
tion to  the  nucleus  of  the  molecule  from  that  sustained  by  the 
^several  atoms  of  hydrogen. 

^V  33.  Svidenoo  fOmLklied  by  Cbsmloot  Reaotlons.  ■—  Having 
entahlished  in  the  last  section  tho  fiindamental  facta  in  rela- 
tion to  the  structure  of  molecules,  we  are  now  preiiared  to 
understand  the  manner  in  which  our  knowledge  of  this  subject 
has  been  extended  by  the  evidence  of  chemical  reactions. 

Aworditig  to  Berthelot.  when  mclhylic  chloride  is  acted  on 
\ry  a  boiling  solution  of  potassic  hydrate  (subfltances  whose  sym- 
bols, H,CCl  and  KOIT.  were  given  above),  tho  two  well-known 
compounds  named  pota&'uc  chloride  and  mclhylic  alctdiol  can 
readily  be  identified  among  the  productA  of  the  chemical  change. 
In  regard  to  the  molecular  weights  of  the-se  substances  there  is 
no  question,  and  from  these  weijthts,  in  connection  with  the  pcr- 
eeotagc  oomposilion  of  tlie  compounds  furnished  by  analysift,  vt 
at  once  deduce  by  §  24  the  symbols  KCl  and  CHfi.  Now  in 
regard  to  the  stnicture  of  the  fintt  molecule  therw  can  be  no 
qui^stion.  It  conaista  solely  of  two  univalent  atoms,  and  oo  far  as 
relative  position  is  concerned  these  can  only  be  arranged  in  one 
way.  Tlien.  with  the  facts  already  known,  we  can  write  the  re- 
octtoD  of  the  process  just  described  thus :  — 
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when  it  becomes  cridcut  that  the  ktom  of  poUtssium  htu  clmn^ 
ptaoe  with  the  radical  H/:!.  and  h«tice  that  the  structure  of  the 
molecole  of  methylic  alcohol  must  be 

11 

■ 

a 

at  least  so  far  as  the  struetnro  is  T«pr«scnt«(t  wbeo  the  ntlatiTe 
order  in  which  the  Moois  are  united  is  indicated. 

Again,  if  potasaic  hydrate  is  gently  heated  in  an  atmosphere 
of  carbonic  oxide,  CO.  a  slow  but  teguUr  ahsorptinn  of  the  gu 
takes  place,  and  a  well-known  salt,  called  potasaic  formiate,  rft> 
suits.  Ag  the  molecukr  wttj^ht  and  peio6Dtage  oompoaition  of 
this  product  uro  well  known,  there  is  no  qaestioB  about  its 
symbol,  and  wo  can  writo  tlio  reaction  by  which  it  is  formeil 
thus:  — 

K-OII+  C0=KOC0H. 

If  now  we  t»ko  into  account  Uie  known  quantivalcnca  of  tlw 
several  atoma,  and  also  the  facts  which  will  appear  hereafter, 
tiiat  both  in  caibonii-  oxide  and  in  potasiiic  hydrat«  tbo  oxy^ 
atoms  aie  uinted  to  the  potassium  and  carbon  atonu,  respectively, 
by  a  force  so  powerful  that  these  atoms  could  not  have  beat 
parted  under  the  conditions  of  th«  experiments,  we  find  that 
there  is  but  one  order  in  which  tlie  atoms  of  tite  prodnct  can 
be  grouped.    This  order  is  shown  by  the  followinu  symbol :  — 

0 
K'0<>-B. 

It  will  be  noticed  thaty  while  in  tliis  group  the  potassium  and ' 
carbon  atoms  rofuia  in  tbeir  old  aSMOMtio&s,  the  quantivaleDC« 
of  all  the  atoms  is  sutisfivd. 

If  now  wo  distil  witli  sulphuric  aoid  potassic  fonniate,  tbe  i 
suhMAnioe  obtained  in  the  last  reaction,  the  product  is  a  rolatile 
liquid  called  fonoio  acid,  which,  wtieo  pure,  is  known  to  ban , 
tbe  composition  and  molecular  weight  indicated  by  tbe  symbtd] 
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TfOtC.  This  subetance,  wbeo  treated  ^tb  potossic  hydrate, 
ives  as  agtia  potassic  funuutc ;  and  the  only  ottier  produd 
'  the  T«actioii  is  water.    Hence  the  reaction  miist  be 


'.  H  st  once  become-^  evident  that  the  structure  d  the  molecale 
lie  acid  is  repreaonted  by  the  symbol 

■. 0 

B-<hC-ff 

and  that  the  atom  of  hydrogen,  which  has  changed  place  witJi 
the  atom  of  potassium  in  thia  reaction,  is  the  one  which  ia  nnited 
to  the  atom  of  oxygen,  and  not  the  one  united  to  the  atom  of 
curbon. 

Comparing  now  the  stractore  of  formic  acid  with  that  of 
mothylio  alvobt^ 


k 


0 


H 

■ 

JT 


we  see  at  once  that  the  only  difference  is,  that  in  the  first  an 
atom  of  oxygen  baa  the  place  of  two  of  the  hydrogen  atoma, 
which  arc  united  to  the  carbon  oucleue  in  the  last 

Formic  avid  and  metbylio  alcohol  are  the  first  members  of  two 
Jlcl  series  of  compounda,  of  which  only  the  four  suocouding 

embers  in  each  vsxiat  aiv  givon  in  the  foUowitig  taUa. 


Fomic  Acid, 
Acatic  Acid, 
Propkinic  AcW, 
Butyric  Add, 
Valeriauifl  Add, 


IfOCRO 

ff-0-C,ff,0 
S-OC,H,0 


Mrthylic  Alcohol. 
Ethylic  Alcohol, 
pTi)pylic  Almihol, 
Bulylic  Alcohol, 
Amylic  Akuhol, 


JK>C,H, 
JfO-C,ff, 


lu  order  to  interpret  the  structure  of  these  compounds,  we 
ave,  in  the  first  place,  the  fact>  that  from  each  one  of  the  acids 
wo  can  form  a  compound  with  potassium  by  a  reaction  in  every 
leapect  similar  to  that  by  which  potassic  formiate  woe  obtained 
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sbDve.  Moreover,  «acli  Mcid  is  rcUted  to  the  oorrcspoDding 
Kloohol  in  the  snuie  war  tliat  fonoic  add  is  Klat«(l  to  methylic 
RloohoL  Heiiee  vrn  conclu<le  that  tlie  structure  of  oU  tlieste  ootd* 
pounds,  1x>Ui  acid?  and  alcohoU,  is  at  least  so  far  similar  that 
it  may  be  represented  in  every  case  by  the  general  aymbol  H'O'R, 
in  which  R  stands  for  a  eompoimd  radical  (§  33}  diBeriog  in  cndi 
compound.  Moreover,  in  i«^rd  to  these  compound  radicab, 
we  know  that  tlw  radical  of  the  acid  differs  from  the  radical  of 
tin  alcohol  only  in  Uint  the  fonner  contains  an  atom  of  oxjgai 
in  place  of  two  atoms  of  hydrogen  in  the  latter.  Comparing  next 
tbe  radicals  themselves,  with  a  view  of  diflcovering  the  stnictOTQ 
of  this  portion  of  the  several  molecules,  we  notaoe  that  ench  one 
differs  from  tliat  which  follows  next  in  the  series  bjr  Cffg,  and 
lience  that  if,  in  tbe  symbol  of 

0 
FoimSoA<id,    ffOC-H 

we  replace  the  hydrogen  atom,  which  is  uoitfld  to  the  carbon 
Docleua  l^  Mm  radical 

S 
Methyl.  -C-ff 

B 
we  shall  obtain  the  n^'mbol  of 

OB 
AcMtic  Add.    BOC'C'B 
B 

Replacing  a  corresponding  hydrogen  atom  of  acetic  acid  by  the 
same  radical,  we  shoold  obtain 

OBB 
Propionio  Acid,    B-Oh-OOS 
BB 

We  may  conoetre  that  each  enocessive  member  of  the  sedea 
night  be  thus  obtained.  Moreo^'cr,  the  sncoesaive  alcohols  might 
be  dcHved  in  a  similar  way ;  atnl  it  is  obvious  that  the  tJieory  of 
the  structure  of  tlicse  compounds,  which  this  possible  mode  of 
derivation  suggests,  satisfies  all  the  conditions  which  the  quanttn- 
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Icnco  or  (he  several  atoms  T«quu«&  Ifow  it  ia  possible  to  derive 
each  of  the  radK*ls  wo  liavt  been  considering^  from  the  one  next 
above  it  in  the  sauw  series,  by  such  substitutions  as  we  have 
indicated;  and  even  if  this  caunut  be  done  with  these  actual 
alcohols  and  adds,  it  can  be  done  with  compounds  dorived  from 
i,  in  which  the  same  radicals  can  be  shown  to  exist. 
The  symbol  of  valerianic  acid  can  be  arranged  in  four  ways, 
all  of  which  Urn  quaativalence  of  the  several  atoms  is  satis- 


Ji 

OJiHTlH 

OH  U<!H 

H-oi-C'C'C-CH 

B-(ycb—v-H 

Huiiu 

H  B-CH 

k 

1    ? 

0  ff€H  H 

H 

Roh-C^C-H 

oBcnnH 

tfCHH 

H-oi 

-C-  C-C-H 

a 

a   kk 

Kow  these  four  symbols  correspond  to  four  different  compounds 
whose  reactions  leav'e  no  doubt  lu  rt^rd  to  the  order  in  which 
the  atoms  are  grouped  But  these  reactions  cannot  be  rendered 
tut«lligible,  nor  their  evidence  appreciated,  without  a  more  ex- 
tended knowledge  of  chemical  facts  than  can  here  be  assumed. 
Compounds  like  the  last,  whose  molecules  consist  of  tlie  same 
acoroa  differently  arnuitjc<l,  are  said  to  be  isomeric,  and,  throu^jh 
tlie  study  of  sucli  uomtrt,  we  have  been  able  to  extend  vcty 
greatly  our  Ifuowledge  of  molecular  structure.  Tliia  subject  will 
be  developed  more  at  length  in  the  second  part  of  thin  work,  in 
connection  with  the  compounds  of  carbon.  Our  only  object  in 
Uiis  place  is  to  explain  what  is  meant  by  molecidar  structure, 
and  to  indicate  the  course  of  rcasouiug  by  which  we  seek  to 
establish  it. 

34.   etTUOtual  or  Ontpblo  SjonboU. —  Cliemicfil  formulas,  like 
lose  of  the  last  few  sections,  by  which  we  seek  to  indicate  the 
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order  in  vhkb  Uie  atoms  atq  united,  ttnd  hence,  also,  the  mannet 
ia  nliicb  a  couplvx  molecnlu  taay  break  up,  axe  called  eomotimea 
itrudunU  md  sunjetimos  grajthic  »ymb(^,  and  are  to  bo  distijw 
guulHt'l  fixMU  the  simpler  ajinbola  us«d  earlier  in  Uie  liook,  wliich 
exprvw  oiily  th«  relative  proporttona  in  which  the  eleniftnU  an 
combined,  and  whicli,  since  they  are  simply  sxpressioiu  of  th« 
rmultd  of  aaalysts  ou  a  coocerted  plan,  are  called  tmpiriaU  symloU, 
AVhvther  tlieae  graphic  symbola  can  be  r^arded  in  any  MMi«e 
as  indicating  the  actual  grouping  of  the  material  atoms  is  veiy 
doubtful,  although  facts  like  those  stated  above  would  aeein  to 
indicate  that  such  may  bo  the  case,  at  least  to  a  limited  extent 
It  is  dillicuU,  for  examplv.  to  rusist  thu  conclusion  tliut  in  alcohol 
ftod  its  congeners  the  atoms  Cflft  are  grouped  together  in  soma 
ecDK!  apart  from  the  rest  of  the  molecule ;  but  then  we  liav«  no 
evidence  of  this  grouping  apart  from  the  reactions  of  tlieso  com> 
pounds,  and,  until  greater  certainty  is  reached,  it  ts  not  best  to 
attach  a  significance  to  our  symbols  beyond  the  trntba  they  are 
known  to  illustntto. 

,  It  is  objected  to  the  ose  of  graphic  symbols,  that  they  bias  the 
Judgment  on  the  side  of  some  tlieory,  of  which  they  are  more  or 
less  the  exponents.  But  when  they  are  used  in  tlie  sense  stated 
above,  this  objection  has  no  force,  for  the  reftctious  tliey  prefigure 
ate  no  leas  facts  thau  the  defluito  proportions  they  coDveiitJoiuPy 
represenL  Moreover,  as  science  advances,  we  have  every  rouod 
to  believe  that  we  shall  gain  more  and  more  knowledge  oT  da 
actual  rehiLiouH  Ictwuvn  the  parts  of  a  material  molecule ;  and,  at 
bu  nlnsdy  bvuu  iulimateU,  tJure  CBn  hardly  be  b  doubc  that  in 
some  oaws  our  graphio  symbols  do  ezpiwa  even  now  wtnai 
kuowlodge  of  this  aortv  however  crude  and  putiul  it  may  be. 
Our  jtresent  graphic  symbols  are  indeed  the  expreuions  uf  par- 
tial generalixations,  which,  however  imporTect,  liavo  an  dement 
of  trullL  Hence  it  is  lliat  tlwy  have  point«d  out  new  linea  of 
inveatigation,  have  lod  to  new  discoveries,  attd  have  been  of  tbs 
greatest  value  to  scJeace.  They  will  doubUess  soon  be  aupor- 
seded  by  other  graphic  symbols,  expressing  other  partial  geu«ral- 
ixatiooa.  to  serve  the  same  purpose  in  their  turn,  and  be  likewise 
loigotteD.    We  most  not,  however,  despiee  tbeae  tamponuy 
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lieiits  of  Bcioiite.  Thwy  are  not  only  us(-fi]].  but  necessiuy. 
cauDut  misle-ul  ihii  studdiit  if  hu  remeiubci^  tliat  all  snob 
ills  an)  uu»«Iy  tlie  scalTuIdings  wruutul  Utc  scjeoce,  on  viwh 
he  builden  work.  It  u  fncim  lliis  point  of  \'kw  alone  that  we 
to  look  at  tlie  whole  iilea  of  chmiiir^  atoms,  wLich  lies  at 
basis  of  our  modern  chemical  philosophy.  Tliat  this  idea 
I  actually  realited  in  the  concrete  form  whicli  it  take«  in  sonw 
.  can  hardl>'  be  believed.  Tlie  true  cheiaical  idea  of  tlio 
is  more  nearly  rvprvsenlod  by  the  eomwponding  latin  word 
xtrvlutim.  The  atom  is  tbc  che>liici\1  indivitluiil.  the  uuit,  in 
the  mind  seek»  to  repose  for  tlie  time  tbe  Individ uulity  of 
,  aa  yet  uudivided  sHl>»tan<:e  we  call  an  etement. 
Various  nit^thod.')  of  writing  structural  symbols  are  employed 
by  chemists,  but  these  are  usually  such  obvious  applications  of 
the  principles  we  have  discussed  that  they  require  no  detailed 
description.  To  save  space  and  labor  in  printing,  «'e  have 
«dopt«d  in  this  book  a  linear  form,  using  dashes  only  so  far  as 
is  ncce:«aary  to  indicate  thoae  relations  of  the  parts  of  a  complex 
molecule  to  which  we  wi."*!!  to  call  attention.  Tlie  subject  has 
been  so  far  <leveloped  that  the  structure  of  the  ordinary  mdicftls, 
such  as  methyl,  etliyl.  hydroxyl,  cyanogeu.  ammonium,  etc.,  may 
be  re^iarded  as  established ;  and  as  a  rule,  therefore,  it  is  not 
necessary  to  indicate  their  structure  in  writing  the  syinbola  of 
the  complex  molecules  of  which  Uiesc  radicals  may  form  a  part 
Thus,  tile  structure  of  the  four  valerianic  acids  is  sufBcienlJy 
iodieated  by  lh«  following  formulae :  — 


It'oraul  Vslerisnic  Add, 
Ordinary  Vnlerianic  Acid, 
TrimeDiyl-acetic  Add. 
M«thyl-«tliyl-ac«tic  Aold, 


in  which,  as  will  bo  seen,  commas  aro  used  to  separate  the  radi- 
cals which  arc  unitod  to  thu  same  dominaut  atom.  Xotice  that 
the  radicals  separated  by  comnuui  ore  not  united  among  them- 
selves, aod  lliat  the  dominant  atom  to  which  Uiey  arc  severally 
boand  is  indicated  by  the  dashes  which  precede  or  follow  the 
Bj'mbols  isolated  by  the  punctuation  marks. 
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33.  nnlcwT  TbwM7.  —  Th«  comparfttjvely  tetxJA  canoepUon 
that  a  molecule  is  a  complex  UDit  all  of  whose  parta  aru  bound 
together  by  atomic  bonds,  ia  frciiueiitly  called  the  ttniliiri/  theory, 
in  contradistinction  to  the  dtuUUtic  theory  oo  which  Uie  older 
system  of  c^Kmistty  was  based.  Modem  cbmiucal  piiilosopbj' 
is  an  outgrowth  of  Um)  UDiluiy  theory,  but  the  studeut  ahoidd 
Qoi  £ul  lu  nuiko  hiiiiMlf  actjuaiutcd  with  the  system  which  pie* 
oaded  it^  aod  which  servixl  the  ])iir|*u»e  of  a  rapidly  grou-ing  sci- 
enca  for  more  titan  fifty  years.  Iiidexid,  il  b  vi-ry  important  that 
every  student  of  acieuue  should  lo-arn  the  history  of  dciMitifis 
theories,  for  otherwise  he  ciiuiiol  |>ni{H!riy  upprcciute  Uin  tnw 
relations  of  the  theories  of  hia  own  time,  and  is  ia  danger  of  nls- 
t&kiui(  hypotheses  for  facts.* 

Ilut'ore  closing  this  ciiapter,  it  remains  to  mention  a  few  con> 
sequences  tA  the  unitary  theory,  whioh,  although  altiioat  a^ 
evidcnL,  might  be  ovetiookeil  if  not  dwelt  upon  specially. 

In  th(i  Sist  place  it  is  evident  that  tlie  integrity  of  every  eon- 
plex  molccute  depends  u]>on  the  multivalcnoe  of  oiw  or  more  a( 
ita  atoms.  These  multivident  atoms  act  as  K>  many  abonio 
clamps  to  bind  univalent  atoms  tognther.  Moreover,  the  wlioli 
virtue  of  a  oomponnd  radical  coiisista  in  tlic  drouinstanoe  tbtt 
it  is  an  incomplete  stracturo  of  the  same  sort,  and  its  qiuntiv»> 
leooo  14  ia  every  ease  equal  to  the  number  of  univalent  alnms 
(or  their  equivalents)  which  are  required  to  oompleto  it^  or  wbidi 
—  in  tlie  teras  of  tl>e  law  of  Wurtx  —  it  may  be  legarded  at 
liavin^  lost 

The  constructive  power  of  mnUivaluBt  atoms  is  shown  la 
many  reactions  in  which  they  serve  to  biod  togcAlier  two  or 
more  molecules  into  one,  thus ;  — 


4AIH  AlU  Mh,  IMcM  MM<M 


wtd 


3/t. 


On  the  other  band,  when  in  a  reaction  such  a  mnllivalcot' 
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ctoin  U  rctncn'cd,  tlic  nioleculo  breaks  upart.  riiosphom  clilo- 
ridc,  for  exiimple,  wMcli  Umds  tx)  cschuiigij  two  aU)uis  of  cliloriue 
for  one  of  oxj-gen,  has  a  reianrkaWo  power  of  lliis  sort. 


H-O-C^.O+PCt.  =  PCLO-^  H-Vl -i- a,/f,O^Cf. 


tin  the  sccoikI  p1iic«,  it  is  oHvions  that  mtiUi^Tiletil  atoms  by 
ubicuug  with  each  other  may  fiivfl  rise  to  nnrlei  around  which 
molecoVea  of  veiy  great  complexity  can  be  constnicted.  Exam- 
ples of  this  ha%*e  already  been  given  in  the  ^mbob  of  valerianic 
acid  oa  page  a;(,  where  the  atoina  of  carbon,  locked  together  like 
so  maoy  vertebm.  form  the  fmmework  lo  whidi  the  other  atoms 
are  fastened,  and  thus  a  complex  niolcciilnr  structure  is  rendered 
in  a  wonderful  measure  compact  and  stahte.  Theiv  is  n  great 
dilT«rcnce  in  Ihts  power  of  multivalent  atoms  to  unite  with  each 
other.  As  a  general  mie,  even  di.'iAimilar  atoms  of  high  quanti- 
valence  will  not  combine,  and,  except  in  Che  case  of  onibon,  the 
union  between  similar  atoms  i.i  limited  to  a  very  small  nnmher 
of  individaaU.  Carbon  is  unique  in  this  r&ipect  lb  atoms 
appear  to  have  an  unlimited  power  of  combination  witli  mdi 
other,  and  foe  this  reason  the  compounds  of  carbon  already  kuown 
exceed  tho«o  of  all  the  oUior  elvmBiits  combined 

Since  tb«  carbon 'atoms  are  ijuadnvalcnt,  it  follows  UiaCt  when 
chained  toother  by  tjie  smallcut  possible  nunilter  of  bonds,  the 
atom-fixing  power  of  the  nuclei  thus  formed  is  always  equal  to 
twice  the  number  of  carbon  atoma  plus  two  (2  n  +  2}.    Tbna, 

Cff,        C.ff,        C,H,        CJJ^^        C,ffa  etc. 

are  the  symbols  of  well-known  hydrDcarboiis  called  parafBnes, 
and 


MtUvl 


<H 


^s 


iiBiri. 


C.H„  eta. 


are  the  symbols  of  univalent  radicals.  These  \itst  are  cbamcter- 
istic  constituents  of  an  important  class  of  compounds  called 
alcohols,  and  lience  they  are  usually  called  the  alcohol  radicals. 
If  in  tlie»  atomic  groups  we  substitute  an  atom  of  oxygen  for 
two  atoms  of  hydrogen,  we  obtain 
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CtOyO 

*HVL 


C,H,0 


(?,/^0  cte.. 


•]•(>  UDivalent  nuUcals,  whici)  enter  into  Uie  cuutpceitdon  of  n 
importAnt  doM  of  acids  to  which  we  have  alnuuly  rvferrdd. 

If,  however,  a  definite  number  of  carbos  atoms,  fonoing  the 
tiDcleus  of  a  molecule,  are  united  b;  mors  than  the  atnaUeat 
possible  number  of  bonds,  then  it  is  obviona  tliat  the  atom- 
fixing  power  of  such  a  uudeua  must  foU  off  two  units  for  cvny 
pair  of  bonds  employed  in  holding  tlw  carton  atoms  togetliec 
Thus,  parallel  to  ihe  parafliuea  mentioned  abovo,  we  have  aa. 
series  of  hydrocarbons  called  olefiueit,  wlioue  symbols  aro 


1 


etc 


Wc  may  cither  conceive  of  the  carbon  utoiua  which  form  the 
nuclei  of  these  inolcouleii  as  amnged  in  an  open  chain  vith  two 
of  the  atoms  united  by  a  double  link,  or  wc  may  conceivo  d 
them  as  amiiged  in  a  closed  chain  in  which  every  atom  wiO 
stand  iu  the  8«un«  nlatiou  to  it«  neiglilxns.  For  exainplo,  fitr, 
cy/,  either 


Honover,  the  cluiins  may  be  forked,  aa  in  the  sj'mboU  of  die 
isomeric  fonns  of  valerianic  acid  already  given,  and  in  any  ca«e 
tbe  ptwise  stntctare  is  a  qtif^tion  for  invest  t;<>itti;n  ;  *  but  what- 
ever that  stnictnro  may  1«,  there  is  one  link  in  the  cliain  not 
easentia]  to  preserve  the  int4>^ty  of  the  molecule,  and  w«  | 
•bouid  naturally  suppose  that  this  could  be  easily  broken,  and  { 
two  additional  univalent  atoms,  or  their  equivalents,  united  tA^I 
the  nueleua  at  Uie  two  Iwnds  (has  opened.     Hence  we  are  ni* 
surprised  to  find  that  tbc  ok-fincs  aru  bivalent  radicals,  and  will 
unite  directly  witli  Cl^  or  Br^  to  fbrm  such  compounds  aa 

Cff.^.       CJT^r^       C,BJCU       C^ffu.01, 

*  If  Uu  rtniUBt  will  n[TCt«nt  Ui«  cutwa  4k«lrtou  nf  Uwgmi^a  qTMheU**^ 
jaf*  fil  i>  Ilia  auM  tra)^  Uwt  in  hart  rtfnwntvd  llut  oC  prop^Uiw  »boT«  (■ 
ronn).  br  will  nt*  what  U  mtaat  bjr »  TofliBd  rhua.    ir  next  he  unJtHi  1|m>  Ent  >>« 
tnhom  ktsm*  of  Iki  inUk  ckaia  tqr  a  ioM*  m  IraUt  toeA  •nil  dtnivbdm  tW 
nwnbiv  oT  opm  1>a«d«  M  eorrtipond,  Ilia  wInU  Uie«*7  cf  what  ira  «n  but  dl»-  ' 
cMiing  wiU  bMoiM  mem  fiM*. 
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A  Tiirther  iUnstration  of  tlie  same  principle  may  he  round  in  ft 
reioarkable  hydrocarboii  gaa  ctilled  aci^tyloiie,  which  ia  a  frequent 
fooduct  of  impe«f«ct  combustioD,  and  may  be  formed  by  the  di- 
rect union  of  its  elemerrts.  Tlie  symbol  of  acetylene  ii  (',fT,.  and 
it  Bct9  both  OS  a  dyad  and  aa  a  tetrad  radical,  forming  »Hth  bro- 
mine two  coiQpoiinds,  CflffSr^  and  C,ff,Br^.  Still  more  remark- 
able is  the  structure  of  tlic  vn.-11-kuown  hydrocarbon  bcnxol, 
wiwM  symbol  is  C^ffi.  The  chetDtcnl  rclutiona  of  thi«  compounil 
and  its  iiiiraberlesa  derivatives  arc  well  explaiBod  by  the  theory 
oC  Kekule,  that  its  nucleus  consists  of  s  closed  chain  of  six  car- 
hoa  atoms  united  alternately  by  single  and  double  links,  ao  that 
each  of  Uie  aU>ms  boa  one  bond  tree  u>  combine  with  atoms  of 
bydrogvo  or  their  equivalents.  Indeed,  some  chemists  have 
thought  tltc  stmcture  of  this  nucleus  so  thoroughly  dct«rTnitied, 
that  they  have  niunbered  the  ntonis  of  carbon,  and  in  many 
cues  tho  rcactious  of  the  benzol  derivatives  seem  to  indicate 
Un  relative  points  of  the  ohaia  at  which  the  I'arious  railieala 
ara  nCt«ebcd.  Tliii^  theory,  however,  has  been  questioneil,  and 
other  schemes  of  arranging  the  atoms  have  been  propnsed  as 
better  explaining  the  facta.  Hut  it  would  be  wholly  premature 
to  discuss  sucli  questions  at  present,  and  our  object  has  beea 
gained  if  we  have  given  the  student  a  cunceptiou  of  the  general 
principles  involved. 

It  will  be  seen  from  the  above  iUu»trations  that  the  quantiva- 
leDCC  of  a  group  of  similar  atoms  must  depend  od  the  number  of 
links  by  which  they  are  united  to  each  other,  and  may  therefore 
vary  very  greatly.  The  same  phenomenon  is  presented  by  other 
elements,  although  not  nearly  to  the  same  extent  as  wilhcuibon. 
Thus  not  uofrequently  a  group  of  two  atoms  of  a  bivalent  ele- 
ment has  the  same  quaotivalcnco  as  a  sinj^lc  atom.  For  example, 
there  are  two  compounds  of  mercury  unit  chlorine,  H^CU  &t)d 
iffgitCl^  or  drH'j-UfCl  So  also  we  have  CVO  and  [C'«J-0. 
We  al«o  find  another  illustTntion  of  the  same  principle  in  an  im- 
portant class  of  tetrad  elements  whose  atAms  readily  p^r  together, 
Tonning  an  atomic  group  which  is  sextivalent.  Thus  are  formod 
^Uie  weU-kuown  compounds 

[J/,]K3,        [/V,|0,        [£>JW.  eta 


lou 
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Wlicii  theM  same  lilJ^Utote  ftutw  tnlo  eotDbinadon  b^  nngle 
utums,  tfacy  uv  almosl  Invariably  bivalent,  and  thus  we  have,  in 
severol  coses,  two  very  distinct  oloasea  of  oompounds,  the  one 
forrood  witli  the  single  and  the  other  with  Che  double  atom  c[ 
Uto  el«in«iit ;  Tor  example, 

It  will  be  noticed  tliat,  although  is  the  coDipouada  of  the  second 
class  the  quantivalence  of  the  single  atoms  is  twice  as  great  as  it 
is  in  the  lirstt  yet  their  stom-fixing  power  is  only  increasod  by 
one  half,  and  henc^  Iho  mine  of  tr^gvt'-oxides  or  MtjiH^luridst, 
«t&,  which  is  frequently  applied  to  them. 

In  order  to  (Uslingiitsh  the  groups  of  similar  atoms  whose 
affinities  are  all  open,  from  tbose  gnmps  where  the  affinities  are 
in  part  closed  by  tJie  union  of  the  ntoms  among  themselves,  we 
may,  as  just  shown,  enclose  the  xymbols  of  the  last  in  brackets; 
and  this  m]e  will  generally  be  followed.  In  most  cases,  however, 
the  reUlions  of  the  parte  of  the  symbol  are  sufficiently  evident 
without  this  aid. 
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1.  What  beating  haro  tbo  phMionicnn  of  ^ibftitution  on  tho  doe- 
trina  of  Um  »ttuclui>e  of  moloculMt  Oom  the  eiKtimst<uic«  that  tlw 
ptopartin  of  tho  snbstitvtiao  piolucto  ar«  Awciusoily  iiults  dUTiiml 
from  thou  of  Uie  odginal  snbstonoe  invalidate  the  docmnu  t 

9.  How  does  the  kction  of  chlorine  on  aentio  nctd  indicsU  tliat  tb* 
mol^Mulea  of  tliia  compuund  have  a  dnlinilo  ntnicturel  On  what  pu- 
tkukr  fact  iloes  IhU  oriiUnos  chwRy  rwrti 

8.  What  bouinK  bave  tbo  phenoouiDa  of  ixnaoqilusiB  on  the 
qusstkia  of  the  stnicturv  of  molooulssl  EafoR*  ths  aigomeat  b; 
soBW  bmiUw  Ulaatnttuns. 

4.  State  the  argoBiMit  on  which  is  based  the  asiTinptfon  that  in 
the  aolecakB  of  nunb  gss  thani  an  four  msassa  of  bydmgen  oniled 
to  a  iJn^  nuaa  of  carbon,  bat  otherwise  iDdepeadant  of  each  olbet. 
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5.  How  do  you  explain  tbo  lact,  that  the  diSWrant  degrees  of  <)iuui- 
tivaleuoe  of  tbe  sime  dement  are,  an  a  rule,  citber  all  eveu  or  &11  udd  t 

6.  AsnuBing  ttiiit  clM--aiual  attnclion  ia  a  }ki1ot  force,  and  tbat  th« 
•polae  of  a  givon  iDitltivsJoiit  atom  arc  tioncolly  oJJ  of  <^qual  strength, 
vbf  should  you  expect  tliat  cblcnino  and  hydiogoA  ntoms,  for  exaai[^. 
would  not  be  held  by  such  a  nucleus  with  the  same  force  1 

7.  Gim  thu  Rieps  of  the  iva«ODiug  by  which  tbu  atnictutc  of  iii»- 
Ihjlio  alcohol  ■•  wtablislied. 

8.  Anolyte  Uic  fallowing  roactions,  and  show  that,  bjr  compariiig 
tiiD  reactioDa  in  e&ch  gioup,  the  slructuie  of  the  various  eompouud* 
nwy  b«  Uifened. 

+ 


ci-a 

CUMhCu 


Ha       +       HCl 


ct-a    +   {c.h.oyh  =  {c,N.o)-a  +  set 

oil  si  llJHEr  AtmuluK        VuigtllAlaiMl. 


B-a 


A'CT  + 

MiKlo  Chlixfdi. 


P 
I 


WlHr. 


/rot  +  irot 


It^Ofll,  +  (CO),»N  =  KiOMCO)  +  H.ff.H'N 


twit  BjJnIt. 


9.  It«pn«eQt  in  a  graphic  form  the  etracturc  of  thn  following  iao\t>- 
cuIm  whotw  »;r™holii  aiti  given  above,  —  etUylitDnine,  cyanic  acid,  cyanic 
vthcr,  thiocctic  acid. 

10.  Why  ia  it  that  the  auccetuivc  additions  of  CI^  in  the  Miiee  of 
alcobola  do  not  change  tliu  atumicily  of  the  alcohol  radicals  ? 

)  I.  In  wkut  (UlTemnt  ways  may  tko  sjmibol  of  propylene  be  n!<pi«- 
aaotad  gBopbically  t  Exhibit  is  Umsoiiio  way  the  structure  of  acetylene 
■ad  bmiot 
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12.  RcpRsent  bv  gniiliic  sjiobob  tba  *tractan>  of  Qm  (bUowug 
tlcrivntivea  Ctoiu  bonsol.Miii  GonUiaing  the  euDo  nucleus:  — 


AnUino, 
Benzoic  Add, 
BfinmiudoB 


,i»,v 


H,H.(VJJ,-C0y2f 


13.  The  ndical  allfl  C^,  is  unirolont  iii  oil  of  garlic,  (QifJ,*^, 
and  in  allylio  oleofaol,  (C^H^yO-H,  but  trivaleut  in  gljrcnina, 
{^C^lf^YO,'H^  MontovcT,  tliu  radical  wImd  cet  Im  doulilrs^  fomiing 
«  voUtilo  ItjdnKurbon  oil,  irhicli  hu  tbu  oMnipoiitioa  {C^Ii^{O^X 
luid  which  combine  dirrctly  with  bropinir,  the  iwultiiig  fwoduS 
having  tho  symbol  (C^f^)(C^lQiBrf  Jiepresent  those  ayiabola  hj 
the  grephie  method,  and  tbiu  oxpkia  the  diJleTuot  relationa  of  thr 
ndicaL 

14.  Rc(m«ent  by  the  grephic  method  tlw  i^inbols  of  potoame  CM" 
bonat«,  X',*(?,-(CO).aiid  potossic  osolato,  Kt'Oi^CtO^,  and  show  that 
each  forms  a  petfact  molecular  unit. 

15.  BepRMot  \\y  the  gnphtc  method  the  Ibllowiag  ^fmbols.  Coa- 
aiclvr  in  each  case  if  more  then  one  wej- 1*  podaiblei. 


'%Si^^ 


a,ii.-NiC,H,oyoH 


ii,{0,J!r,co)-yiC^f,oyo-ff 


M,o^cjr,0) 


: 


16.  Whst  is  the  <iiiantinl«n<w  of  jlf  in  tbo  i^Uol  [At-AffO^^ 
U  tiitn  anv  difforencc  in  tho  qnantivelcuoo  of  /*«  in  the  tva  cotBltaaBdl 
ffOj'CO'iiai  [FfFtfO^SO^i  AiMwer  the  ^uestioiM  by  |]»  eU 
of  gnphiu  urmbols. 

17.  le  then  any  diffeienee  in  tho  qnimtivaloace  of  nitrogen  in  pe- 
tMrie  nitrite,  K-O-ffO,  and  potato  nitrate,  K-0-NO^\  In  what  two 
waya  may  the  hel  symbol  be  ic{ireaeuted  graphically  1 

IS.  Tho  tiymbol  [Cb^^Cy,  mpreaenU  a  sin);Ie  luuleoole^  while 
^a^Ct^  rnpnwmta  two  UKilecQlcs,  and  would  bo  more  properly  writlaa 
iNaO.  WiMt  i*  the  difIeT«ac«  in  tho  two  oaeea,  and  on  what  vn- 
dence  do  tfaiMs  aynbob  mat  I    U  tliere  the  tamo  proof  of  the  oumct- 

<or[/^]C/,t    SeeTabhiIII. 
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86.  Hydratea,  auuUm,  Bwwa.  —  It  is  not  unfrequontly  the 
tiiiit  the  technical  itTiDS  of  &  Gcicn(»  remain  in  use  loiig 
thej  huvp  lost  th«ir  original  meaoing.    Thin  is  pouuliurly 
16  of  thoAe  wliich  w«  hnvo  placwl  at  Uie  li««d  of  this  section, 
hey  have,  with  tlie  exci-iitioii  of  the  fi«t,  come  down  to  ua 
from  the  period  of  alchemy,  and  are  still  retained  in  the  lan- 
guage of  trade  aud  in  many  worka  on  practical  science,  with  a 
peculiar  meaning  which  they  have  acquired  during  the  laat  hun- 
dred ytars  under  the  teaching  of  tho  dualietic  theory.     Since 
thoy.  in  many  cases  at  least,  suggest  oironcouB  conceptions  in 
rd  to  ihc  ooartjtatioa  of  cbcinical  compounds,  it  would  be 
ell  if  they  could  be  diicanlcd  altogether;  but  as  thiit  is  im< 
lOticable,  we  must  cudcavor  to  give  to  them  as  dcliuitc  a 
toeaniiig  a.i  possible^ 

The  term  ktfdraU  is  applied  to  a  clasa  of  conipounds  which 
were  foniii^rly  auppoeed  to  contain  water  as  sucli,  but  which  are 
now  believed  to  have  no  closer  relation  to  water  than  is  indi> 
cat«d  by  the  circumstance  that  they  have  tJie  same  type  of  struc- 
ture, and  may  bo  formed  from  natvr  by  ivpUaiiig  half  of  ita 
liydiogen  with  soin«  metallic  atom  or  vompouud  rudicid  actiug 
Like  a  tuetallic  atom.  Tiius,  by  acting  on  water  with  potassium, 
we  obtain  potassic  hydrate ;  or,  if  we  use  sodiutu,  we  obtain  sodio 
lydrate. 


they 
Kiega 
■veil 


Wmr. 


[38] 


l-In  iliidjring  thU  ohaptcr  the  itadant  ihould  enilMTor  to  remcnib«r  th« 
>Dtl  B^rnibola  of  tiie  (lilTcrMit  mupuuiulA  niuiitiuui^tL     IlillicKo  ve  have 
chieOf  <tnploy«l  with  llic  Tomu  o(  tlic  lyitibols,  uuj  iliU  cxcrtuc  of  tlin 
tmory  ho*  net  bcm  expected. 
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HK 


BoUl  of  tliGse  Iij-<lrat«s,  nod  also  tliose  of  the  very  me  Imt 
closely  alliixl  dicU>1«,  litiuitm,  vtcsttun,  and  rubidium,  are  veiy 
«oluU«  io  waUiT,  nod  yi«ld  ^ulutiuiis  wliicli  conwle  the  skin  and 
eoDv«rt  Ute  fata  inio  soap«.  All  the  substoucva  poEw^tng  tbeu 
caustic  qualities  whicli  n-ere  known  to  Uie  alchemists  vr^ns  called 
by  them  alkalia,  and  this  term  is  now  applied  to  thv  five  by- 
dnttea  just  enumerated,  as  well  as  to  ammouia  (see  below).  Tli« 
first  two  oC  thcae  are  commercial  products,  and  have  Impoitani 
applications  in  the  arta.  They  nil  differ  from  the  hydiutet  vS 
otiivr  m«tals  in  that  tliey  cannot  be  decomposed  by  heat  alone. 

Again,  if  wc  net  ou  w!il«r  with  culcium  or  magnt^ium,  we 
obtain  calcic  or  tnajinesic  liydnitv ;  but  tho  douUc  molecule  of 
water  iii  tlicu  decunipwuitl  by  llicisv  bivalent  metals  to  form  a 
single  molecule  of  tim  hydrate. 


A-O/fil  +  Co  =  O-O/ff  +  Ifff 

Vuir.  <Uelu».       Cildtllrtnl^     Ilr4iw>0«. 


[39] 


ft'O'ff,  +  J/ff  =  MtO.'H.  +  »H 

Vtki.  NWH^IUS.      Hmbi^  OrinM.    aj*-v  Om-  ^^ 

TtiSaa  two  hydrates,  as  well  as  those  of  Uie  allied  nMoiP 
torium  and  stronliiun,  although  much  less  soluble  in  wator  than 
the  alkalies,  sttll  diiutolve  in  this  common  Golvont  Ui  a  limttH 
extent,  and  manifest  decided  catistic  qualities.  Wla-n  dty  they 
liave  an  earthy  appearance,  and  bcncc  are  frequently  koown  ai 
tb«  alkaline  earths.  Tliey  also  differ  fVom  t)ie  true  alkalies  in 
the  fact  tJuit  they  are  readily  decomposed  by  heat ;  and  tincv 
tliey  ar«  then  resolved  into  water  and  a  metallic  oxide,  as  tlM 
followiug  roaaion  shows,  the  opinion  fomievly  eutertaia«d  in 
r^ard  to  their  comj>o»itiou  was  not  unnatural 


fioj 


Moreover,  when  the  anhydrous  oxides  aro  mixed  with  walrr. 
they  enter  into  direct  union  with  a  portion  of  the  liquid.  This 
combiuatiou  is  usually  aluuded  with  tha  evolution  of  great  beat, 
and  the  proooss  is  known  as  sUking. 


Jaa] 


BTDKATtIS,    ALKALIil^    BASES. 
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"  There  ten  many  other  metallic  hydrates  which  are  still  more 
readily  decoifipa<ied  by  heat  These,  as  a  rule,  cannot  be  formed 
by  the  direct  upiod  of  tJie  corresponding  metallic  oxide  and 
wftter,  but  may  be  obtained  by  adding  to  a  solution  of  a  salt 
of  the  metal  one  of  the  6oIubl«  bydiutes  moDtiooed  above. 
Thus:  — 

...  m 

.ASi>CL  +  tKaiI+  Ai)  =  iZn^O^'H^  +  SAtV  +  Aq) 

The  hydrates  may  be  regarded  as  compounds  of  the  metallic 
atoms  with  the  compound  radical  hydroxy!,  and  their  symbols 
rwritten  thus :  — 


CrOcUIVOniW. 


ll'dntft 


I 

^m  Ammonic  Jlydrate.  —  Closely  allied  to  these  metallic  hydrates 

^is  a  very  remarkable  compound,  formed  by  dissolving  ammonia 

gas,  iV7/„  in  water.     AUliough  the  product  resembles,  in  many 

of  its  physical  relations,  a  simple  solution  of  gas  in  water,  yet 

the  compound  in  all  its  chemical  relations  acts  like  a  mcullic 

_bydnte, 

which  has  led  chemists  to  write  iu  symbol  after  the  type  of 
water,  and  to  a«siime  tlic  exiKtcncc  of  *  univalent  comiKmud 

ntdical  A'/T,.  to  which  has  been  given  the  name  of  ammoniuni. 

Mttallie  Oxida  or  Baaie  Anhydrida.  —  Cloiiely  allied  to  the 
metallic  hydrates,  in  the  relation  we  are  now  considering,  are 
many  of  the  simple  compounds  of  the  metals  with  oxygen, 
wUich  are  calleU  in  general  metallic  oxides.    Such  compounds 


«8 


A<rO-Ai 

AipBOaOHdl^ 


Gl'O 
Otitic  Olltft 


tta-O 


n-0         F^O         C»^0 

nuniik  Olid*.  r>RMi  liitit.  cniini  out*. 
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maybe  regarded  as  funii«d  from  oue  or  mora  mcdociitus  of  water, 
by  reptnciiig  all  Uis  atoms  o[  bydn^Efin  with  tbou;  of  aoaus  muUl ; 
fttul  Uwee  oxidoa  oi  wall  at  tbe  bydiatea  before  raeutjoned  an 
frequently  olassod  together  under  the  coiumon  title  of  batu, 
altbougb  it  would  be  best  to  couiine  this  term  to  tbe  ineEallic 
hydnttos  oloiiii,  and  to  diatiuguisb  thti  banc  oiritUs  as  bam 
OJiAyrfnrf«  {§  38). 

Saita.  —  Tbe  atoms  of  bydrogen  still  remaioing  in  a  motaltic 
hydrate  may  be  replaced  with  the  atoms  of  a  wclM<:Jiii«>l  class 
of  non-metallic  elementa  and  compound  laiUcals;  luid,  fur  a 
(«asoa  whicb  will  suou  appc4U,  Uie  replacing  at<>ui»  an  cahed 
acid  ur  nvgativu  radicals.* 

From  ibia  ivplac«ment  results  a  new  class  of  coiQpounds.jw 
MdlM^.    Tbu«. 


K-O^Jf    gives    K-0-(X    also 


CaOf'ff,    gin 


^"'^'^'j^  ""^  ■'SlSi^il^ 


OatMAMM 


Ca'OfCO 


37.  AoUU-  —  Opposed  in  ch«micul  properties  to  tbo  socaUed 
bases  is  anoUtur  wry  importojit  class  uf  compounds  called  andt. 
They  derive  their  name  fruiii  lliu  fuel  Uiat  tbey  ar«  geDerally 
abltible  in  water  and  have  a  sharp  or  »our  toatc^  although  then 
ore  many  exceptions  to  the  rule.  Like  ibe  hues,  they  all  ooo- 
tain  hydrogen ;  this  hydrogen,  however,  can  no  lougnr  be  replaced 

•  Tb»  word  nutioiX,  m  UMd  In  dMnftti^.  daiids  far  aa;  aloM  at  ^twip  «f 
tXoma  vlikb  ii,  fitr  tlit  vu-mml,  ngmldl  •■  ■  cliitf  ootutlhinil  of  tin  miili  hIm 
•f  ■  givMi  fomiwuml,  uid  vhicb  iom  not  kw  iti  InMKril^  in  IW  otilinirjr  <bnti- 
eal  meUob*  Eo  which  thsanlatHiMls  HnU*.  Th*  dbtinction  b>titt«B  U«c  «ad 
Mid  nJluU*  (ar  pMiUn  uid  niiptir*  ndietb,  u  ihij  ve  more  (raqacntl;  olU) 
iriU  farmaie  cUir  «a  w  iilvkno*.  ll  i>  nilGFirtit  br  ibt  jnraeiit  to  |ta(ii  tiM, 
altkoogb  UiM*  tmwi*  imply  ui  oppeMitn  of  nhlitnu  Mhrt  than  >  dlflvmMV  if 
^mlilM*.  jrM.  !■  »  gvnvnil  nib,  tli*  nwaJlla  atoam  air  hulc  ladkali,  whiU  IW 
noa-nwulliG  uoni*  an  aclil  ndi«ali.  It  ULaf  b*  tildHL  Uurt  amonK  iiiiiii|ii^ri 
ndtmla  ih«a(  tunabiing  of  oaibon  ami  lijdnigai  a)an«  an  mually  faaalo,  ami 
(ODtaining  abo  rajsen  nnuJIjr  add  ;  and  furllicr.  tliit.  of  Uia  tm  ibchI 
taat  ndkabninUinlng  niUtic««.  ammoninin  <A'/f,)  U  draiifly  laMe,  ■■■■ 
(C^.V)  u  dcdiledly  wid.  In  Iliii  took,  irlth  turn  Nicvptiaiu,  ihr  buio  ndkak 
■la^jn  pUcnl  00  tk*  kft-bwid,  aitJ  tbv  auUl  iwUcab  OB  tb«  tigbvliaiid  ■>!■  at  Ua 
nubcalu  ajmiUiU. 


4  87.] 
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'b^noit-tDotfLUic  elements  or  neyativd  radicals,  but  only  by  metal- 
'  lie  eluiiR'nU  and  positive  radicals,  ami  it  ia  herein  tliat  the  chief 
tioA  liea.     Moreover,  tJie  oppositioo  of  thwo  two  claases 
bf' compounds  also  appears  in  the  fact  that,  while  ia  bases  th« 
nplaceable  bydtogen  fttoms  am  niu(«d  U>  a  toetallic  atom  or 
dtivo  radical,  which  for  tlils  r«tt»on  we  fmiuently  call  a  bamo 
ladical,  in  the  acid»,  on  tli«  utlicr  baud,  tlivaft  saute  hydrogen 
atomii  AK-  iinilod  ta  a  nile  U>  a  uoii<iiietaUio  atom  or  ne^tive 
ikoi,  fhiquently  aUo  called,  as  above,  an  acid  radical    In 
most  caaeft  there  is  a  vinculum  which  ii!iit<is  the  two  parts  of 
rthv  molecule ;  and  both  in  acids  ami  in  bases  this  viaculum 
!  coosists  usually  of  one  or  more  oxygen  atoms,  although  in  u 
flarHB  class  of  acids  the  hydrogen  atoms  are  united  directly  to 
the  nidical  withuut  any  such  cuuucciiou.     The  acids  of  this 
class  havo  by  far  the  siiuplust  constitution ;  and  wo  will  give 
exmmplcs  of  t]ii;:so  first,  adding  in  each  case  a  reaction  to  illus- 
trate the  acid  relaiians  of  the  compound.    In  studying  these 
reactions,  it  must  be  borne  in  mind  that  the  evidence  of  acidity 
ia  in  each  case  to  be  found  in  tlt«  fact  that  one  or  more  of  the 
hydrogen  atoms  of  the  compound  may  be  replaced  by  positive 
tftdieals  or  metallic  atoms.    Tliis  replacement  may  bo  obtained 
in  one  of  four  ways,  —  by  acting  on  the  acid,  either  with  the 
tmeta]  itselt^  or  wilh  a  metallic  oxide,  or  with  a  metallic  base, 
L«r  witli  a  metallic  salt. 


(2  net  +  A^)  +  J:nO  =  {ZkCI,  +  H.0  +  Aqi 

siiwiiiOiit*    niwicciii«u>. 

"ffffir  +  KO-rT+  Aq)  =  (A'/tr  +  ff^O  +  Aq) 
(///  +  AtO-VO,  +  Aq)  =  iAil  +  {ffO.VOt  +  Ag) 


[43] 


We  win  next  give  examples  of  more  complex  acida,  in  which 
the  two  parts  of  the  molecule  are  united  by  a  vinculum  of  oxy- 
gen atoms. 

-W.  •MtoHfUBM  NT    - 
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BK 


Such  acids  as  these  are  called  oxygeo  ocuU.  Like  the  by- 
tdrates,  tbey  maj  be  te^rded  as  compouads  of  hydroxjl,  bu, 
['Vith  negative  iostead.  of  positive  radicals,  tkua :  — 


KIMc  JUM. 


iffO\-SO, 


(ffO).'PO. 


Thi»  mod«  of  writing  thu  xviulxils  is  not  only  frMiucntly  ocn- 
veuieut,  but  hta  been  of  real  value  by  bringing  out  uR«xpeeted 
and  important  relations.  It  docs  not,  bowwcr,  indicato  ny 
fuodamenta]  difference  of  optnioQ  in  regard  to  tli«  con»litutiaa 
of  th^e  bydr.ites,  and  this  at  onoe  appears  when  Ihe  symbol* 
are  put  into  the  graphic  form. 

WfaoR  an  acid,  like  acetic  acid,  contains  but  one  atom  of  hy- 
drogen, vbicli  is  replaceable  by  a  metallic  atom  or  a  ponitive 
radical,  it  is  called  monobastc;  wh<.>n,  like  miljihuric  acid,  it  con- 
taiiu  two  such  hydrogen  atoms,  it  is  called  dibcwtc ;  vrben,  liln 
phosphoric  acid,  it  contains  threi!,  it  is  trihusic,  etc  MoreoTffi', 
on«  evideucQ  of  ibis  diflVrvucu  of  basicity  is  found  lu  the  fscli 
that,  whereas  a  looDoba-tic  acid  can  only  foroi  ouu  sail  with  % 
uuralent  radical,  a  dibasic  acid  con  fonn  two,  and  a  tribasio 
lliree:  Thus,  while  we  have  only  one  sodic  nitrate,  there 
two  sodic  snlphates  and  three  sodic  phosphates. 


NiO-XO, 


VMM  ••«<  IMIflUK 


ffXa/OfPO  [Ml 

iVa.'O.-PO 


There  is,  however,  but  one  oalcic  snIpUate ;  for,  sinoe  ttte  cal- 
cium atoms  are  bivalent,  a  single  one  is  sufRcient  to  replace  botti 
of  the  hyilrngRo  atoms  in  tite  add. 

38.  Acrid  Anlirdrldwi.  —  Besides  the  acids  properly  so  called, 
all  of  which  contain  hydrogen,  there  is  another  class  of  coio* 


ACID  AMHVDIIIU^. 
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poundt  wlilcTi  bear'tTie'ftnme  Klatbtti  to  the  trite  adds  which 
tbe  metaltic  oxides  bear  to  the  true  bases.  To  avoid  confusion, 
coinpntinds  of  thu  class  have  beea  diatiBguished  as  anJiydruta,* 
and  they  may  be  reganied  as  one  or  more  niolcculea  of  wratcr  in 
which  all  the  bydi-ogon  lias  been  replaced  by  negative  or  acid  radi- 
AdA.  As  aiDoi»s  tte  moat  important  of  these  we  may  c^um^^ 
ate  Sulphuric  Oxido.  SO^-O  or  SO,.  Nitric  Pcntoxidf.  N0,-O-X0, 
or  NfO^,  Curltonic  Dioxide,  CO,  rhoapLoric  Oxide,  PtO,,  and  Sili- 
cic Oxide,  SitOf.  Most  of  the  anhydrides  unite  directly  with 
water  to  form  acid»,  and  several  of  the  acids,  when  heated,  giv6 
off  wat«r  and  pass  into  anliydrides.    [Compare  40  and  41.j 


ff,0  +  SO,  =  fft'Oi'^O, 

moxsi  =  Sic  +  nff^o 

KBOb  Acta,     tutiu  Aa)i]4nM. 

2//;'0,"iJ  =  it,o,  +  3//,o 


[46] 


aver,  in  many  canes  theRfi  anhydride)  will  combine  directly 
with  the  metallic  oxides  to  rami  Halts.  Thus,  haric  oxide  hums 
in  tlie  vapor  of  sulphuric  anhydride,  yielding  baric  sulphate ; 
EUid  lime  also  unites  directly  witli  tbe  same  anhydride,  although 
with  less  energy,  forming  calcic  sulphate. 


SaO+SO,  =  SaO,SO,     aud      (hO  + SOt  =  CaO.  SO, 


KWo  are  thus  led  to  the  old  formutic  of  tho  dualistic  system,  ac- 

curding  to  which  th«  uietallio  oxides  were  the  only  true  bases, 

tJte  aiiliydridtis  wore  the  only  true  ncid«,  and  tlio  two  were  re- 

Hgarded  as  f>aired  in  all  tnie  salts.     But  although  in  its  modem 

^ptheories  our  Hcienoe  ha.1  fortunately  left  tho  rut<t  to  which  the 

^Edualiatio  ideas  for  so  long  limited  ita  progress,  yet  it  must  be 

^Btsmembered  that^  according  to  our  preaent  definitions,  these 

dualistic  fonnulie  are  perfectly  legitimate,  and  still  give  the 

aimpltwt  exposition  of  a  lai:ge  number  of  important  facts. 


'      ^'ICorapRdMljan'flanA^ftMto.-bittia  tli«liulo«>i)irilri<lMU«u<iutlf  caU«d 
liiafiy  nattlUe  wdilca,  tho  qiuMiying  t«nn  U  Mldom  tdiUtL 


tfO 
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39.  Baits.— Tlio  definition  of  the  tern  »iU  baa  bees  detAf 
haptied  in  Uie  definitioDS  of  base  and  aaid  slrciitly  given.  Il 
m  toy  Bcid  in  which  one  or  more  atoms  of  hydrogi^  have 
replaced  with  metallic  atoms  or  basic  radioaU ;  ib  is  aaj 
i  in  which  the  hydrogen  atoms  have  been  monj  or  less  re- 
|4aced  by  non-metallic  atoms  or  acid  ladicala ;  or  it  may  be  the 
pKidact  of  the  direct  union  of  a  oietallic  oxide  and  an  anhydride. 
A  o«ulnU  salt  is,  properly  speaking,  one  in  which  all  thu  bj- 
lirogea  atoms,  whether  of  base  or  acid,  have  been  replaced  h 
Just  stated.  A  basic  suit  ia  one  in  nliicli  one  or  more  of  tbe 
lif  drogen  atoms  of  the  base  rumain  undisturbed,  and  therefn^ 
slfll  capable  of  replacement  by  acid  radicals.  An  acid  salt  K 
onf.  in  which  one  or  more  of  tbe  hydrc^n  atoms  of  the  acid 
remain  undisturbed,  aud  ibcnjfont  capable  of  roplacetneot  by 
basic  radicals. 

Itut  besides  the  basic  and  acid  salts  which  como  under  these 
definitions,  there  arc  also  others  which  can  be  most  simply  de- 
fioed  as  consisting  of  ieveml  molecules  of  tbe  metallic  oxide  to 
one  of  anhydride,  or  of  several  molecules  of  anhydride  to  one 
of  tho  metallic  oxida 

As  an  example  of  acid  salts  of  the  second  class  we  hav«,  be- 
Laidcs  tlie  two  sodic  sulphates  mentioned  ou  page  lOS,  aWt  a  thinl, 
^ which  may  be  written  Nat0.2S0,  This  is  easily  ohtained  hy 
simply  heating  tbe  acid  sulphate. 

2  (H.  Na-0fSO;i  =  Na,f),  2  SO,  +  m,®  [ii\ 

If  heated  Uy  a  still  higher  temperature,  one  molecule  of  the  anhy> 
drid«  i«  set  free,  and  the  salt  falls  back  into  the  nentral  sulphate 

JfoLO.SSO,  =  Jifafi.SO,  +  B©- 

Tliis  reaction  jiutiGes  Iho  dualistic  form  given  to  t^e  symbd; 
hit  oUier  TdlstioRS  of  the  bisulpltato  may  be  better  expressed  bj 
Uk>  fuUowiiig  typical  formula, — 


JFa.'O,'(S0,0-S0i) 


yi,,'0,:SOt  +  so. 


8ALT& 


HI 


in  which  &  gnmp  of  two  atoms  of  SO,,  soldered  together  by  one 
atom  of  oxygen,  acts  as  a  biraknt  radical 

As  an  example  of  a  buaic  salt  of  the  second  class  we  hnvo,  ia 
addition  to  the  two  plumljic  acutatos  of  the  normal  type. 


fc/'i'0.'(r,//,0),        and        Pl^OACH.O),// 
Utami  namuc  ^(UM  SiM:  rliaitiiii  Aenua. 

[rd  salt  contatniog  throe  times  as  much  lead,  — 
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which  a  gtrrnp  of  throo  atoms  of  lead,  soldered  toj^tther  by 
two  atoms  of  oxygen,  acts  as  a  bivalent  radicnl.  It  is  evident 
that  theoretically  any  nvmiber  of  multivalent  radicals  might  be 
united  in  this  way,  and  also  that  the  complex  radical  thus 
formed  will  have  a  quantivalence  easily  determined  by  Cjiti- 
mating  the  number  of  bonds  which  remain  unsatisfied ;  but 
practically  thu  {:troui)in{!  cannot  bo  carried  to  a  very  great  ex- 
tent, for  the  stability  of  tlic  radical  dimiuishc^  with  its  com- 
plexity, and  a  condition  is  soon  reached  when  it  can  do  longer 
sustain,  if  we  may  so  express  it,  its  own  weights  Moixiovcr, 
while  some  radicals,  like  the  atoms  of  lead,  copper,  mcrcuiy, 
tnd  iron,  are  prone  to  group  themselves  in  this  way,  the  latgcr 
number  show  but  little  tendency  to  tins  mode  of  union. 

The  symbols  of  these  acetates  may  also  be  written  on  the 
dualiatic  type,  which  represents  tbem  as  compounds  of  plumbic 
oxide,  PbO,  and  acetic  anhydride,  CJIfflf    We  have,  then. 


PbO.  CM,0, 

Hnilnl  nuHltlc  AflUB. 


and 


SPbO.Cf/,0, 

TMplunliit  inWh 
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and  we  may  thus  best  illustmte  the  important  fact  that  the 
second  compound  is  preparod  by  combining  with  the  first  an 
additional  quantity  of  plumbic  oxide. 

It  will  appear,  on  reviewing  the  symbols  of  the  acids,  basca, 
and  salts  given  in  this  section,  that  in  by  far  the  greater  num- 
ber the  two  parts  of  the  molecule  are  held  together  by  one  or 
more  atoms  of  oxj-sen,  which  act  as  a  vincnlum.  Such  com- 
pounds are  called  oxygen  salts,  using  th«  word  tall,  as  is  fre- 
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qucntly  tlone,  to  stand  for  acidii  and  bases,  as  veil  as  for  the 
tnie  meullic  salta ;  and  in  fact  they  all  belong  to  the  same  type 
of  dicnucal  compounda.  Since  oxygen  ptaj-s  so  important  a  put 
in  h-rrestriol  nature,  we  miglit  well  expect  ttiat  tbeae  orygn 
c>am[Hiuii(1.4  would  bold  a  veir  conspicuous  pUce  in  our  chemioil 
science ;  and  such  is  indeed  tbe  bet.  During  tlie  daalistk 
period  the  study  of  cbciuistjy  was  aUnort  wholly  confined  to  the 
oxygen  coin|xiuml8,  and  L'ven  tMw  they  occupy  by  far  tho  tat;gest 
share  of  a  chemist's  att«iiliOD. 

There  is,  bowever,  another  element  namely,  sulphur,  whlcli  it 
capable  of  filling  the  jilaw  occupied  by  oxygen  in  many  of  Ut 
O0U)pound.i,  and  Urns  way  be  formed  a  distinct  class  of  bodies 
which  are  called  sulphur  salta.  These  compounds  ore  not  nearly 
so  numerous  as  the  oxygen  salts,  and  Iiave  not  boon  so  well 
studied,  so  that  a  few  examples  will  be  sufficient  to  illnstnte 
their  general  oomposition,  and  the  rolalious  which  they  be«i  to 
the  oorrespondii^  oxygen  coinpoaadi. 


HOH 

Kon 


B-S-H 


K-S-B 


K.'O{C0 


I& 


•cs 


40.  TNt-Papen.  —  The  soluble  basca  a&4  acids,  wIigd  dissolred 
in  w«t«r.  cause  a  striking  change  of  color  in  oertain  vegetable 
dyes,  and  these  dMuacteristic  reactions  give  to  the  chemist  a 
ready  swans  of  distinmiishiog  between  these  two  important 
danes  of  eomponndi  The  two  dvH  chiefly  UM>d  for  this  par- 
pose  ate  tormeric  and  litmus,  and  strips  cf  p^>er  colond  widi 
tlie  dyes  are  enployvd  in  testing.  Tnrmeric  paper,  which  ii 
aatmally  yellow,  is  turned  brownish  red  by  bases,  while  litmos 
IN|ier.  wfaid)  is  namaHy  fatne.  is  tvnted  nd  by  acida,  and  in 
both  nan  the  aatoial  mkr  b  nstoed  by  a  compound  of  tbt 
appaitaelns. 

If  to  a  fldntkn  of  a  stmog  haaa,lfta  aodb  bydnte,  wo  add 
-«^>ly  and  carefully  a  salnliin  of  a  straiig  add.  tike  sulphtnii^ 
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ive  ahall  at  last  reach  a  condition  in  which  the  solution  afTeets 
fieither  test-paper,  and  it  is  then  said  to  be  ntittral.  Oa  evapoiat> 
ing  thia  solution  w«  obUin  u  nciitml  ult,  like  sodic  stUpImte,  and 
the  presence  in  the  solution  of  tho  »lighti-sl  excess  of  acid  or 
bc>'wud  tliv  uiuoiuit  irqiiiriKl  to  foiin  this  snlt  would  have 
111  iiiatle  evident  by  the  teat-papers  In  such  cases,  wo  may 
Iberefore  use  tliese  test-papers  to  itistinguiah  between  acid,  hiuic, 
and  neuti-dl  salts,  but  only  with  great  caution  ;  for  we  find  that 
when,  as  in  acid  sodic  carbonate,  a  strong  base  is  associated 
with  a  weak  acid,  tbo  reaction  is  still  Ijtisic,  although  the  acid 
may  bo  j^rcatly  in  exwtts,  and,  on  the  utlit-r  hand,  when,  as  in 
cupric  sul]>hate,  a  weak  basu  ha»  bcicn  wsocialcd  wiih  a  strong 
acid,  the  it^action  may  be  stn>ii;jly  acid  eien  in  the  basic  salts. 
The  explanation  of  these  apparent  anomalies  is  to  be  found  in 
the  fact  that  these  colored  reagents  are  all  salts  themtielves,  and 
the  reactions  examples  of  metathesis.  Tho  coloring  matter  of 
these  dyes  is  an  acid  wlncli  varies  its  tint  according  aa  tlie  hy- 
drogen atoms  Iiave  or  have  not  been  replaced ;  and  when,  for 
any  reason,  the  acid  or  base  of  the  salt  examined  is  not  in  a 
condition  to  determine  the  necessary  metathesis,  the  character- 
ietJc  change  of  color  does  not  lake  place. 

Unfortunately,  the  facts  just  stated  have  led  to  great  confusion 
in  the  use  of  tlie  words  acid  and  lame  as  applied  to  salts,  since 
these  terms  sometimes  have  refoix^nco  solely  to  tlie  number  of 
atoms  of  hydrogun,  Jo  llic  ucid  or  base,  wbidi  have  nut  been 
replaced  in  the  formation  of  the  sitXl,  iind  al  oilier  times  rsfor  to 
the  icocttons  of  Uie  salt  on  the  colored  reagiMits  just  doscribod. 
A  oonftiMori  of  this  sort  must  have  been  noticed  in  the  fitst  and 
commonly  used  names  of  tJie  three  phosphates  of  soda  on  page 
108.  The  90-caiIed  neutml  phosphate  is  theoretically  an  acid 
salt,  and  the  basic  phospiiate  a  neutral  salt^  but  tlie  salts  give 
vitli  test-papers  tlie  reactions  which  their  names  indicata  Th« 
theoretical  is  the  only  legitimate  use,  and  the  one  we  shall  ad- 
here to  in  this  book,  except  in  regard  to  names  of  compounds 
•which  cannot  be  arbitrarily  chnnged. 
41.  AlcoboU,  Fat  Aoida,  Eibars. —  The  hydrocarbon  radicals 
mentioned  in  §  35  yield  a  very  largo  number  of  compounds 
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whioh  are  closely  nllied  to  th«  hydrates  and  anliydridcs.  both 
add  and  bwio,  jtist  dewribed.  If  one  of  the  hydrogen  ntotns  in 
the  ntoleculo  of  water  U  re]))aced  by  <^ith«r  of  the  univalent  tiuK 
ladicals,  methyl,  et  liyl,  propyl,  etc.,  we  obtain  a  clasa  of  ooropoumL*. 
already  leferred  to,  called  akohols,  of  wtiich  our  common  alcohol 
is  the  most  important  On  the  other  hand,  if  the  atom  of  hydn>> 
gen  is  replaced  by  one  of  the  univalent  acid  radicals,  formyl, 
acetyl,  propionyl,  etc,  we  obtain  Uwj  parallel  class  of  acid  com- 
pounds, of  which  a<M!tic  acid  (vine^jar)  ia  the  best  known,  but 
which  alno  inclttdcs  a  tntgc  number  of  fatty  substances  clottely 
related  to  our  ordinary  faU  Hence  Ihe  luunu  Fat  Acids,  by 
which  this  clasa  of  compounds  is  generally  designated. 

tMa  HjnlraU*,  or  AI«ah«Ii. 

Mfth.vlic  Al<tohol  (wood  spirite),  CIl,(yn 

Etkylio  Aloohol  (common  alcohol),  C^^-OH 

Propylic  Alcohol,  CJI^OH 

Batylic  Alcoboa,  CJKOH 

Amylic  Alcohol  .(Alia)  oUX  C^U^^  QU 


Add  TTrdnU^  or  Fat  \c\ia. 
Formic  Acid.  IK^CnO 

Aoelic  Acid,  rrOC,H,0 

Propioniio  Add,  If  OC,//;  0 

Butyrio  Acid,  tf  OC./f,  0 

Vdwianie  Add,  B-OCJi,0 

If  now  we  replace  both  of  the  bj-drogeo  atoms  of  vat«r  by  1 
nmo  basic  railicals  nicntioni-d  abow,  wo  obtain  a  clasa  of  mm- 
poatids  called  otlivrs,  which  cnrreAixiud  to  the  metallic  oxides  or 
basio  anhydrides ;  and  if  we  replace  iJm  two  hydro^n  atoms  by'l 
the  corresponding  oeid  radicals,  wo  ntitoin  n  similar  &erie§  of  acid 
anhydrides.  Lastly,  if  we  replace  one  of  the  hydrogen  atoms  by 
a  basic  radical,  and  tb«  other  by  an  acid  radical,  we  get  a  clses 
of  componndH  also  called  ethers  (but  distinguished  as  componod 
elbers),  which  correspond  to  the  salts. 
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O-CH^  or  (C^.VO 

."il  Ktb<-n. 

...  Compound  Ethers. 

■.;  CHiO-C,H,0 

4.  Add  AnhTdridcs. 

C,H,0-0-Ciff,0  01  {CJSftO^'O 
lylride,  GJI^OOCJI^O  or  \cjt^O)^0 

■■(■  radicals  which  the  alcohols  contaia  hold  an  in- 

j>risitioa  between  the  strong  basic  radicals  on  the  one 

ilie  strong  acid  radicals  on  the  other;  and  the  same 

i  the  alcohols  themselves,  which  hold  a  middle  place 

-1  the  strong  basic  and  the  strong  acid  hydrates.    This  ia 

'i<'d  by  the  following  reactions ;  in  what  way  it  is  left  to 

rtudent  to  inquira 

2  BOC^f  +  K-K  =  2  K-OCtH,  +  H-H 

2.  Otyools.  —  If  in  the  double  molecule  of  water  (/r,^0,-ff,) 
FBplAce  one  of  the  pairs  of  hydrogen  atoms  by  either  of  the 
ilent  positive  radicals,  ethylene,  propylene,  butylene,  etc.,  we 
in  ft  series  of  compounds  closely  resembling  the  alcohols, 
jd  glycols,  and  by  substituting  the  related  negative  radicals 
obtain  two  series  of  acid  hydrates,  which  stand  in  the  same 
tion  to  the  glycols  that  the  fat  acids  bear  to  the  alcohols. 
se  relations  are  shown  in  the  following  scheme,  which,  how- 
',  includes  only  the  first  five  members  of  each  of  these  three 
M  of  compounds.     It  should  be  noticed  in  this  connection 
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tbftt  each  or  th<>  tnmleni  poattin  radicalu  yields  two  related  n^- 
tive  nAkaXs,  while  tiie  univalent  povUive  radicals  of  tho  Ust  sec- 
tion yield  only  one  such  negative  radical ;  and,  moreover,  that 
the  acids  in  the  first  series,  alUiuugb  diatomic,  are  only  rnono- 
basic,  while  those  in  the  second  series  are  both  diatomic 
dibasic  (§  44). 


rnnMWjMt 


Corresponding  to  these  basic  and  add  bydrabes  we  have  also 
been  able  to  obuia  in  sovcnd  oaaM  the  basic  and  acid  anhydrides, 
besides  a  very  large  number  of  compound  etiicra. 

43.  atycflrtnw.  —  Our  common  glyoeriue,  .ff,'0,"Cj/?i.  may  be 
reganled  us  formed  from  three  molcculos  of  wat4?r.  ff.'Oj'/T",,  by 
replacing  one  of  the  groups  of  hydrogen  atoms  with  tbo  trivalent 
ndical  glyceiyl  {C^ff,) ;  and  IVom  glycerine  wo  may  derive  acids, 
tnbydrides,  and  ctbers  bearing  to  each  other  the  nine  relations 
as  those  derived  fnm  the  alcohols  and  glycols.  Tlie  natural 
6its,  for  example,  are  compounds  derived  from  glyeerinfl  and  the 
fat  acidii.  Glycerine  is  theoretically  tJie  liml  or  a  sencs  of  com- 
pounds whose  Buceessive  hydrocarbon  radicals  difier  by  the  welt- 
known  common  diflerDoce  Cff,,but  only  the  first  of  tlie  membefs 
of  this  serifis  is  acooratoly  known. 

44  AeonUdtT  ua&  Bulolty.  —  We  have  already  seen  that 
the  hydrates,  both  Ijosic  and  acid,  may  bo  regarded  as  compounds 
of  the  radical  bydroxyl  {ff-O) ;  and  this  simply  amouiita  to  say- 
ing that  their  molecoles  contain  otn  or  more  hydrogen  atoms 
connected  with  the  nucleus  by  an  oxygon  atom  which  servos  as 
a  vincnlum.  It  is  only  the  hydrogen  atoms  thus  related  to  the 
molecule  that  are  easily  replaced  by  metallic  atoms  or  other  tadi- 
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s,  aod  tlift  number  of  txush  atoms  deUsmiiuca  wliat  is  called 
[the  atomicity  of  tbe  oompouud.  Thus  tJio  ulcohuls  and  fdl  acids 
Care  monatoinie.  tlie  glycols  are  diatomic,  and  tbe  ^ycerines  are 
rtriatomic  compounds.  Witb  tlie  acid  hydrates  we  sometimes 
Jdiiliiiguish  between  atomicity  and  baaicity,  Uie  firal  biiing  mcaa- 
fvred  by  the  total  number  of  hydrogen  atoms  that  can  Iw  ivplaced 
by  a  simple  meUthetical  reaction  of  any  kiud,  tuul  the  last  de- 

I pending  on  tha  number  of  hydrogen  atoms  which  can  l>e  replaced 
by  strong  basic  radicals  such  as  the  metals  of  the  alkalies.  As  a 
|enerat  rule,  it  is  trito  tlmt  the  basicity  is  the  same  as  tbe  atom- 
icity, but  this  is  not  alwavtt  Uic  msd.  Tlios  lactic  acid  is  diatomic 
but  Qiouoboaiv,  and  the  same  is  ttm  of  the  otlicr  acids  bomologous 
with  it  (page  116). 


^^tta^J 


sly  one  atom  of  hydrog«n  can   be  n.-plitccd  by  a  loetalHc 
radical,  but  a  second  uitiy  be  i«pUcetl  by  yilhvr  a  uugubivc  or  an 
alcoholic  ntdical.as  in  the  last  three  symbols;  and  is  designating 
I  the  atoms  thn^  differently  related  to  tlie  m<iler.ular  structure,  it 
I  is  usual  to  call  the  first  basic,  and  the  other  alcoholic  hydrogen. 
If  tbe  symbols  of  lactic  acid  and  its  salts  are  written  in  tbe 
giaphio  fonn,  it  will  be  seen  tliat,  while  the  atomicity  depends  on 
the  number  of  hydrosyl  groups  in  ihc  molecule,  the  basicity  de- 
pends on  the  number  of  groups  of  the  radical  (ff-O-CO)  called 
carboxyl.    This  structural  difference  appears  t«  be  tho  cause  of 
tlie  unlike  relations  of  the  two  orders  of  rcplaceablu  hydrogen 
atoms  in  the  compounds  of  carbon,  and  it  is  only  with  these 
compounds  that  the  distinclion  between  basic  and  alcoholic  hy- 
drogen has  bc«n  pecogiiii^d. 

43.  Water  of  CrykUUlsatloii.  —  Among  the  most  striking 
cliaractcristica  of  the  class  of  compounds  we  call  salts  is  tJieir 
tolubility  in  water,  and  their  tendency  on  separating  from  it^  in 
eoMCfiuence  of  either  tbe  evaporation  or  the  cooling  of  the  fluid, 
to  assume  definite  ctyBtAlliue  forms.     These  crystals,  aa  a  general 
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tulo,  are  complex  ciTstalliae  aggregates  of  molecules  of  th«  salt 
ami  uiolecules  of  water.  Tba  wut«r  u  lutld  in  cumbtautiou  by  a 
oompanklivtily  f«sbla  force,  aiid  may  bo  gcnonUly  dnvuii  off  1>y 
expoaing  tJie  salt  to  the  Idupciuturo  of  100"  C,  wlieu  tbe  crystals 
Um  to  powd«r.  Som«tiiucs  it  estates  at  the  ordinary  tempera- 
ture of  tlie  air,  when  the  crystals,  as  before,  fall  to  powder  and 
are  said  to  elHoresoe.  It  thus  evidently  appears  that  the  water, 
albbougb  an  essential  port  of  the  crystallino  structure,  is  not  in- 
beront  in  the  chemical  molecule,  and  hence  the  name  Water  of 
Crystalliiatton.  Tlie  presence  of  water  of  ciystallizatiou  in  a 
ealt  is  expressed  by  u-riUng  after  the  symbol  of  the  salt,  and 
•epaimt«d  from  it  by  a  period,  tho  number  of  moleoules  of  water 
with  wliidi  each  salt  molecule  is  associated.    Thus  wo  have 


Na.CO,.lO/f,0 

WnifcjwtMwH».«tSi« 


FeS0,.1  ffjO 

The  aame  salt,  when  cryBtallixed  at  difl'eniut  tviupt>TuluR<8  not 
uofreqnently  combines  with  different  amounts  of  water  of  crys- 
tallization, tlw  less  amounts  contepouding  to  the  liiglier  tcmpoiO' 
tures.  Thus  mnnganous  sulphate  may  Ixs  ciystalUzed  with  three 
difloreut  amounts  of  water  of  cTystalliution.     We  have 

MiiSO^.  7HtO  "boo  cryrtaUizoJ  b«Iow  6'  C 
JfnSOt .  5I/,0    "  "  between  7"  and  20°. 

UnSO^.ifftO    •'  "  botwooo  20°  and  30°. 

The  crystalline  forms  of  these  tJirce  compounds  are  entir^y 
dt£f«rei]t  from  each  otJior;  and  this  fact  again  corrolmiutes  the 
view  that  the  molecuks  of  v&Xkt,  while  a  part  of  the  crystalline 
Stnicture,  are  not  a  part  of  the  chemical  typu  of  the  salt  It 
will  be  well  to  diatinguish  the  molecular  aggregate,  which  the 
qrmbok  of  this  section  represent,  from  t)i«  simpler  chemical 
molecules  by  a  special  term,  and  wo  propose  to  call  tJiem  ciystal- 
line  molecules.  While,  however,  there  is  little  room  for  differ- 
eoce  of  opinion  in  regard  to  the  relations  in  which  the  molecules 
of  water  stand  to  ttie  structure  of  most  crystoU.  there  are  casea 
where  lite  condition  is  apparently  far  leas  simple,  and  when  w« 
find  the  water  so  tinuly  bound  to  the  salt  itaulf  that  it  SMtu  to 
form  a  part  of  its  atomic  structunj. 


I«l 
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QUESTIONS  AND  PROBLEMS. 

I,  Annlj^ie  nactiona  [38].  Show  what  is  mtast  hj  a  metallic  hf- 
drat«,  aiid  dctinu  LIm  toriu  aiknU.  Writv  tlio  siiniliu  ttoctiona  vMdl 
nay  be  oblajncd  with  lithium,  oalcium,  oDcl  rukidiuia.  Kame  in  each 
cwo  Uie  vltua  of  compouads  \f>  trhich  llio  facton  owl  products  beluu^ 
Abo  rvi>R9«eul  these  reucUons  by  graphic  symbola, 

3.  Anat}'"  reucLioii*  [.10].    Statu  tbo  distinction  butwens  ad  kIIca- 

ne  earth  nod  an  iJkali,  and  write  llio  oiniilur  Kuctioiii  which  mity  be 

bbtained  witti  biuium  ua<I  stroctiuui.     Numo  in  rach  caw  the  cbas  of 

i[M>umld  to  wiiich  tho  fiicti>rs  tuid  producU  belong.     Also  leprexviit 

lio  reactioua  by  graphic  symbols. 

3.  Analytc  raicltons  [40]  ftnd  [41],  and  nritft  the  BtmilAT  n<»ctio]i« 
which  may  be  obtaitic»l  with  i-ithur  of  the  metoia  caldum,  »trontiutii, 
buriuui,  Mid  [UAgncsium.     Whnt  theory  of  tho  constitution  of  the  me- 

.  bydmtes  do  these  reactione  suggest  ? 

4.  In  what  T<»p«cts  do  the  hydntes  CarO^Hf  and  Mg-O^H,  differ 
Dm  K-O-H i^tiA  N<rO-H\ 

5.  Anulyw  i«actioDS  [43],  and  show  that  the  principal  products 
DOst  bo  ngurdiHl  an  hydrat^H.     Name  the  chsa  of  comiiouiidii  to  which 

I  otbei  prodtict«  and  factora  belon|{. 

6.  State  the  third  theory  which  is  held  in  regard  to  the  constitution 
of  lh«  hydist<9,  and  writo  tho  syuibola  of  thu  dilfurniit  hydrate*  uccoid- 
ing  to  this  view.  Alio  bring  thom  «ymbolH  into  i:oinpari»on  with  thoeo 
of  the  same  compound*  writton  ntivr  tho  other  two  plans,  and  nhow  by 
tseans  of  gtapbic  symbols  how  hr  thoM  forms  arc  arbitrary,  and  how 
&r  they  tvprvMnt  (undaBtental  differencea. 

7.  In  whitt  Hi'min  may  tho  tu))ution  of  ammonia  gas  in  water  bo  re- 
gudcd  as  a  hydrate?  Wrik  iiaction*  [42],  using  amnionic  hydrate 
iaslead  of  the  bydrat«e  of  sodinm,  pobutium,  and  barium. 

6.  In  what  n-lutiou  do  the  metallic  oxides  stand  to  Uie  hydrates  t 
DeSiw  tbu  tcrru  biut. 

9.  D«Bne  tho  t«nn  tail,  and  illustrato  your  doSnitioa  by  oz- 
snplM. 
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10.  Define  the  t«nit  aad.  How  does  an  add  differ  from  a  tnetalbe 
bydntet  !■  an  acid  u«cBEarilv  u  liydntet  ^Vllat  two  rlwri  of 
acid*  mnj  be  dwtiiignishod  I 

11.  Whnt  is  tho  disliDctioa  bctwoen  on  odd  and  a  bMi«  lulkill 
How  ftr»  ihty  rvlatod  to  tbe  two  hydragon  atom  of  water  t  i*THTiiiiiff 
that  Ui«rD  b  no  diflvMow  belweeo  tlveae  two  atoms  in  lh«  atigiHl 
molecule  of  water,  doea  nut  tbo  i«{)lacaiaflirt  of  on*  of  tlie  alotu  by  i 
ndical  of  either  cLlh  alt«r  iho  nlaliotw  of  Ui«  aeootid  t  la  tbore  tx4 
an  aulogf  bctwoco  thosa  plxiDOiacna  and  tbaw)  of  mngtietiiiin  t 

12.  Aoalyia  reactioiis  [43  *t  a^-Ji  and  point  9ut  llio  eridenoe  of 
Midlt;  in  each  caae. 

13.  An&lyie  the  following  noc^ona:—  ' 
KOff    +    ffP  =    KF  +  fiJO 

Oro,«/r,+  /r,-Ot-co  =  oeOt'CO    +  211,0 
Haa     +   H^'OtSOt  =  ff,jf<fO/SOt+  atsi 

Point  out  tW  different  acida  and  haana.  In  what  Hum  the  crUana 
of  thoir  iLcidit)r  or  Ixuicity  Appear  either  in  Ui«m  or  in  raacUoiu  ftv 
vioualy  giron)  Show  in  wich  cose  how  thv  ntptaccment  of  tba  bj- 
dtogen  atoma  ia  obuimxl,  and  illustrato  tho  diDcr«n«a  brtwaon  tbt 
bydiogon  aUitna  of  an  acid  and  those  of  a  baao.  What  two  claaa*  of 
aciilB  may  be  diatinenuhed  T  ' 

U.  R<«aidinK  the  liydratea  aa  oompoimda  at  liTdroxjl,  bov  in 
yon  dvGne  tlie  acids  and  bowia  of  tbia  claasl 

15.  Repn«enl  the  coini>o«tion  of  nitric,  aDlplinrio,  and  phoofibHit 
acid  by  gn{ibic  ayuibob,  and  aliow  (hal  tlie  two  modea  of  writing  tbair 
aymbols  embody  eaaentially  tbe  aaine  idea. 

\«.  lljilroohlone  acid,  acetic  acid,  nitric  acid,  hydnodic  acid,  by- 
diobtotnic  add,  Rulphoric  add.  oaibanlo  add,  aad  pbaapbano  add  fatra 
what  baaicity  I    Point  out,  in  the  varioia  reactiona  giiren  in  llii*  ebap 


5 


(JDESTIOXS  AKD  PBOBLEMS. 


121 


ler,  ttMRvidrat*  lb  tbeh  own,  aiut  write  Um  «yin!Mb  of  tbo  ptwIUB 
sodic  nits  of  the  diBerenl  acid*. 

17.  Wlwl  claae  of  oompouuds  do  the  Bymbolt  SO^  ^*0„  P^O^ 
10^  and  SiO^  n!|«ee«utl    By  a  compuisou  of  e|-iuboU  sliuw  liow 

coiupxundii  may  bo  legsidud  a4  formed  from  irat«r,  aud  how 
uv  relnlml  to  Ui«  comapoiidinft  octdji.     To  vrluit  clASd  of  com- 
[poucda  do  tboy  stand  in  direct  nutithwut 

18.  Define  tho  terma  fccuie  and  aeii  hydraJU,  baiic  ^adaadanAff- 
iritlr,  Aud  (.umpnro  rcwtioUR  [45]  u-itli  [40  and  41].  . 

19.  Auolyxo  tho  reaction, 
BaO  +  S0,=  BaO,SO, 

at  n»3on  may  ho  ur^  for  writing  tbe  mriubol  of  baric  sulphoU  in 

way  1     Wliat  wiu  ttio  tliaury  of  tb«  diMliatie  aystom  in  Tfgani  to 

ftUolt  conpouniLi  I     Kvprcmiit  lliu  Byinbol  by  thn  gn^Aic  raothod,  and 

I'      •ock  to  dut^roiiiw  wh«tbef  tho  duolirtic  form  is  compatiblo  with  the 
Uiooty  of  nolacultt  nnity, 
30.  Tlie  foUovrtng  aymbola  KptMent  componndc  of  vrluit  cb»t 


BOH 

lfyO»*PO 

FeOt'fft 

iff  (HO) 

{P0,\-0 

KO-H 

Oa-Offf, 

CtH^Off 

iNarO-H 

{C,H,0)fO 

MjlO,KSi 

IfONO^ 

UiOiSOt 

(FrFe)W^ 

HO-C^p 

€h/0/Si 

KO-yOt 

(C,ff^VO 

NdfOfSOt 

i^H.OC^Hfi 

Give  in  eacb  cose  the  name  of  tlie  oompouud  to  fiir  as  you  ore  able  to 
iiiri-t  it  from  cxampl«p  pieviouoly  given,  and  tliuv  how  tbe  ayuibol  ia 
nlatcd  to  Ibat  of  water. 

21.  Point  out  tim  ooid  btuic  and  neutral  kiiIu  nmoiig  tlio  compound* 
rapmHUitod  by  tbo  followinji  nymbol*  :— 


HN^OiCO 

N-^OfCO 

ff^CutO,tSi 


H^K'O^t 


{^o-HrO-HffyO/SO, 
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QUESTIOMft  AMD  TBOBLEIU. 


H* 


What  two  cUwn  of  buio  wUla  may  be  dijttingntilwd  I     OonTert  Iht 
symbols  into  tbe  dajUistic  lonu. 

'2'i.  Aa&lyio  ntoctUius  [43  luid  46],  and  sbcm  bow  &r  they  jiMt^ 
Uw  dnalisUc  fonn  giveu  to  the  symbols.  lCei>roivut  tbe  «aue  rautkH 
in  tbe  gnpbical  form. 

23.  Wbnt  diiM  of  coii]|>ouniI«  do  tbo  followtng  i^nnbols  lepnoeDtl 

A<f,'St'J.t        AyS^S        OfS,-ff, 
Writo  tbo  symbol*  of  tiia  coiresponding  oxygoD  compouada 

24.  Explain  tbo  tboory  of  tbo  coloiod  tocl-paperB,  and  the  ase  of  Ibt 
torau  aeui  acid  biuic  in  connectiou  with  tliein.  To  wbai  coafanoo 
doM  tbe  doubli!  muaiiiiig  of  tbeae  terms  aomvtiiu««  bud  I 

55.  The  mcmbcn  of  the  tonm  of  alixiboU  atand  in  what  relation  U 
neh  otborl  Does  the  tame  lelation  exist  betwiMD  tbe  menibcra  of  tte 
Hrlee  of  Git  luridj*,  (tlyeob,  «tc.T  Find  a  genoml  symbol,  which  wi2 
lapniMnt  tbo  composition  of  ouch  of  thcrn  cIums  of  compounds. 

56.  In  what  mlntiona  do  tbo  aleohots  Etaod  to  the  fat  acids,  and  the 
glycols  to  th«  acids  derived  from  them  I 

37.  Select  oxaraplet  fiom  each  of  tJi«  claaaes  of  compound*  d» 
scribed  in  {{  41,  43,  and  43,  and  bring  tlie  symbol*  into  oonparisoa 
with  those  of  tome  simple  bydiata  or  anhydride  willi  whidi  tbty 
exactly  iiomi^Dd. 

28.  Wo  aro  aoquointod  with  a  class  of  oompooads  known  oa  oon- 
doosod  glycols,  one  of  which  has  tbe  following  symbol :~ 

To  what  tlaa  of  udte  does  this  oomepond  1 

39.  Jnd^ng  from  tha  following  symbols  of  a  few  of  tbo  aalta  of  t•^ 
taric  acid,  what  conduaion  should  you  nach  in  regatd  to  tho  atomicily 
and  basicity  of  this  actd  1 

ff^o.HC^ffA)     x,ffyo,i{o,ffM      K^ii/o,nc,a,o^ 
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30.  "What  is  tba  atomicity  aai  baaioity  of  the  diSeient  odds  whose 
symbols  have  been  given  in  this  chapter  t  Does  the  basicity  of  the 
different  hydiocaibcn  acids  (S  41  to  g  44)  appear  to  have  any  connec- 
tion irith  the  number  of  oxygen  atoms  in  the  ladicall  Give  a  defini- 
tion of  atomicity  and  basici^  whidi  applies  in  all  these  cases. 

31.  How  do  you  explain  the  state  of  combination  of  the  water 
which  enters  into  the  composition  of  most  crystalline  salts  t  Show  by 
ftn  example  how  this  mode  of  combination  is  represent^  symbolically. 
What  &cta  may  be  adduced  in  support  of  the  opinion  that  the  mol»- 
coles  of  water  are  not  a  part  of  tlie  chamieal  type  of  thesalt  I 


CBEJUCAL  SOUESCLATORi 
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46.  OrfcU  or  IToia*aoUtni«.  —  rrcvioue  t4  th«  year  1787  tkt 
Dames  given  to  clicmtcol  couipotmdi)  wem  not  conformed  to  uy 
gcneral  rules;  nnJ  miiiiy  of  tlicse  old  iiAtn«s,  such  a»  oU  tf 
vitriol,  caionui,  tommve  s«hlimale,  Ted  prtdpHeUe,  saltpdrt,  an/- 
Kx/a,  hoTaz.  cream,  of  tartar,  Olatiber'i  and  Epwm  $alt»,  nrc  still 
rctAiiicd  in  coiiimon  use.  As  ch«inical  edence  ndvauocd,  ami 
tbe  nuiiiljer  of  known  substances  increased,  it  became  inipottADt 
to  adopt  a  scientific  nomenclature,  and  the  system  wliicli  ctMt 
into  use  was  due  almost  entirely  to  t^voisier,  who  reported  to 
tbe  French  Academy  on  the  subject,  in  belialr  of  a  committee, 
in  tbe  year  named  above  In  the  Lavoisiorian  nomencUttin 
the  name  of  ft  substance  was  made  to  indicate  its  compositioii; 
and  at  the  tinu)  of  its  Adoption,  and  for  fifty  yean  after,  it  wt) 
probably  the  most  perfect  iiomonclature  which  any  science  ever 
enjoyed.  It  was  based,  however,  on  the  dnaltstic  theoiy,  q( 
which  Lavoisier  was  the  father ;  and  when  at  lost  the  sdeiiec 
oatgrew  this  theory,  the  old  names  lost  much  of  their  si^niC- 
canc«  and  appropriateness.  Within  the  last  few  years  chetoiMi 
Itave  attempted  to  modify  the  old  nomenclature  so  as  to  beUcr 
adapt  the  names  to  our  modem  ideas.  Utdbrtunately,  the  rerah. 
like  most  attempts  to  mend  a  wom-ont  ganneot.  ta  Ua  fram 
satisfactory,  although  it  is  probably  tbe  best  which  under  tbt 
drcnrustanoes  could  be  attainvd.  Ti^  new  oomcQclatarfl  bn 
not  th«  simplicity  or  unity  of  tbe  old,  and  its  rules  cannot  te 
mad«  intelligible  until  the  student  is  more  or  less  acqnafnted 
with  tb«  modem  chemical  theories.  Fortunately,  however,  tbe 
admirable  system  of  chemical  symbols  supjditta  tlie  dafocts  cf 
Iba  nomenchitnre,  and  for  many  purpnso.3  may  Ik-  u»«1  in  its 
place.     We  have,  therefore,  developed  this  system  fint,  but  bavs 
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also  used,  mcftnwliil«,  the  conxaixjnding  scientific  names,  so  thdt 
the  student  lui^lit  become  ramilior  with  the  nomenclature,  awl 
gather  it«  rules  «s  he  advanced.  A  briuf  sumuiaiy  of  theee  rules 
is  all  ihiil  will  be  necessary  here, 

47.  Homea  of  BLameats.  —  The  names  of  tlic  clem«&t<  are  not 
conform).^  to  any  fixed  nilcEi  Tho»e  which  were  kiiowa  before 
1787,  such  as  sulphur,  phosphorus,  arsenic,  antimony,  iron,  gold, 
and  the  other  useful  metals,  retain  their  old  oames.  Several  of 
the  elements  diecovered  aiuce  that  time  have  been  named  in  ollu- 
sioo  to  some  prominent  property,  or  some  circumstance  connected 
with  their  history ;  as  txtygcn,  from  of  ^^-  ytvvant  (acid-generator) ; 
hydrogin,  fr«m  voatp  'jtvvwa  (waUir-gcucrator) ;  cMorine,  from 
;^Xa)/)Oc  (green) ;  wdinr,  from  tuiS^i  (violet) ;  hromhu,  from 
0p^j*»i  (fetid  odor).  The  names  of  the  more  recently  discovered 
metals  huvu  a  common  U>riuiuaUo»,  um,  as  polasgium.  sodium, 
platinHm ;  and  the  names  of  several  of  the  more  recently  dis- 
covered Don-  metals  eml  in  iW,  as  cftiorinf,  bromim,  iodine,  fiaorine. 
Equally  arbilrarj-  namea  have  been  given  to  tlie  compound 
mdicaU  ;  but.  with  a  few  exceptions,  they  all  terminate  in  yl  or 
CM,  as  (thyt.  '.irrt'j}.  hydroxyl.  and  fthi/leiM,  acetylene,  etc 

48.  namei  of  Btoaiy  Componnda.'  —  The  simple  compounds 
of  the  olvnicntJi  with  oxygen  arc  culled  oxide<i.  and  the  specitic 
names  of  the  different  oxides  are  formed  by  placing  before  the 
word  ande  the  name  of  the  element,  but  changing  the  tenni- 
nation  into  ic  or  ous,  to  indicate  different  degrees  of  oxidation, 
and  uain^  the  Latin  name  of  the  element  in  preference  t<i  the 
£nglish,  both  for  the  sake  of  euphony  and  in  order  to  secure 
moie  general  agreement  among  different  languagea.  When  the 
same  element  unites  with  oxygen  in  more  than  two  proportions, 
the  Greek  nnmeral  proBxes  rfi.  tri.  tetra,  jptnta,  etc.  ate  added 
to  the  word  oxide,  in  order  to  indicate  the  additional  degrees. 
Fonnerly  these  compounds  were  callcl  oxidi»  of  the  different 
elements,  the  degrees  of  oxidation  being  indicated  solely  by  the 
prefixes ;  and,  as  tlie  old  names  are  still  in  very  genettl  um,  they 
are  also  given  in  the  following  examples. 

*  BliMiT  Mmponml*  consist  of  t««  demeiits ;  Unurf  oompoondi^  of  tlina  i 
r  MBpoondii  of  four. 


IM 


KAMES  OP  HlNAttT  COUPOUHM. 


H« 


J^^nc  A'aaut. 

OUitToiMS. 

^S.,0 

ia 

Atg<>utic  Osidft 

or 

Oxide  of  SUtct 

Jir.o 

!• 

Nitrous  Oxide 

u 

Protoxide  of  Nitrogen 

A'O 

tl 

Nitric  Oxitlo 

tl 

Doutoxids  ttf  Nitipgan 

A'O. 

U 

Nitric  i'Mvxiilo 

11 

Pwoxkto  of  Nitrogen 

>vo 

u 

Ferrous  Uxide 

li 

Protoxide  of  lion 

AO, 

■• 

Fenio  Oxiile 

■  • 

Seaqnioixide  of  Iron. 

Ad  exception  to  the  abovo  rules  is  made  hy  some  vrriten  m 
the  cose  of  those  oxides  which,  when  combined  with  tfao  do- 
DwnU  of  wut«r,  form  ncids.  As  has  been  already  stated,  psgt 
109,  such  couipounds  arc  sometimes  called  anliydridos,  Xha  de- 
gree* of  oxidation  boing  distin^ished  as  before,  Unis ; — 


SO, 

ia 

Sulphurous  Oxide     or 

Sulphurous  Anhydride 

80, 

u 

Sulphuric  Oxido        " 

Sulphuric  Auh}'drido 

JV.O. 

u 

Nitrons  Trioxith        " 

Nitrous  Anliyilride 

y.o. 

•1 

Nitric  Pcntoxido        " 

Nitric  Anhydride 

P,0, 

tM 

Photpborons  Oxide  " 

I'hospborons  Anhydride 

/■.o. 

H 

Pfaoaphoric  Oiido     " 

Phoephortc  Anhydride 

CO, 

>■ 

Carbonic  r>ioxido       " 

C«rhonio  Anhydride 

SiO, 

U 

Silicic  Oxido             " 

Silicic  Anhydride. 

The  names  in  common  use,  even  among  cbemtKts,  of  the  earths, 
the  alkaline  earths,  and  the  alkaline  oxides,  make  anoOier  im- 
portant exception  to  the  general  rules  giren  above,  thus :  — 
Al,0,    Ataminic  Oxido  is  commonly  taDed  Alumina 


BaO 
SrO 
CaO 

K,0 


B«nc  Oxide 
Slrontic  Oxide 
Calcic  Oxide 
MagncMc  Oxids 
Potassic  Oxide 
Sodic  Oxide 


Baryta 

Stroutia 
lime 
Magneaia 
Potash 

Soda. 


The  names  of  the  binar>-  compounds  of  tlie  other  elemoits  an 
formed  like  those  of  the  oxidcs- 

Compounds  of  Ohlerine  are  ettled    Chtorti/M 
"         "      Dromino      "       "      'Btcaaidet 


u 

i« 

Iodine 

tt 

4< 

lodMh* 

n 

H 

[laonii« 

41 

41 

FluorMfM 

if&i 
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CompouDds  of  SulpLui   ate  coUod  Sulpliu/n 

«  «       Pliodphorua "       "  VhosplkUt 

"  "       Amwik         "       "  Areenu/rt 

"         "      jVntiiaoay    "      "  Antimonii/rt 

"         "      Carbon        "      "  CaxhonitU*. 

IConorer^  the  specific  names  of  Uie  several  oompounds  also 
nr  the  aualogy  of  the  oxides,  thus : — 


Nao  yamf*. 

0ldNam*9. 

SnCI, 

is 

SUsDoiu  Chloride 

or 

Protochtorid*  of  Tin 

S»Cl, 

It 

SLwntc  Chloride 

•I 

Pen-hloride  of  Tin 

FftS 

n 

DiAiTTTOtiN  Sulphide 

u 

Bubaulphide  of  Iron 

rts 

u 

fViTon*  SHlp!ii<lo 

H 

PiutOHulphida  uf  Iron 

/VA 

II 

Ffriric  Sulphide 

It 

Sowiuisulpliide  of  Ixoa 

/V51 

» 

Ftrric  Didulpbide 

l( 

BUnlpIiido  of  In>u 

CoF, 

II 

C^uic  Fluoride 

II 

fluorido  of  Calcium. 

Here,  aguin,  must  be  noticed  certain  cxMpliuiw  to  tlie  general 
role.  Sovsml  simple  compounds  of  Die  elumuuta  wiih  hydtogen, 
of  which  the  hfdrogcii  i»  easily  replaced  with  a  metal  or  positive 
radical,  are  called  acids,  and  retain  the  specifio  names  of  the  old 

IDOmenclature,  tlius :  — 
IICl  oi  llydric  Chloride  is  called 
j  ItSr  "    Hydric  Uromide 

I  jff/    "   Hjdric  Iodide 

I  ffF   "  Hydrio  Fluoride 

I  ^S  "   Hydric  Sulphide 


Hydrochloric  Add 
Hf  drobrotuic  Acid 
Hydriodio  Acid 
Hydnitluuric  Acid 
Hydrciiiulphuric  Add. 


The  last  compound  is  frequently  called  nlso  sulphuretted  hydro- 
gen, and  several  other  hydrogen  oonipound»  are  minied  after  the 
saue  analogy,  while  others  agnin  are  usually  called  by  tlieir 
well-known  trivial  names,  thus ;  — 


ffgSb  is  Antimoninretted  HydrogMJ,  «Iso  called  Stibine 


AraouiurDUod  Hydrogen,  also  call<«d  Anine 
PhospburetUHl  llydtogea,  abo  called  Pboii^uiio 
Aoimotiia  Cu 

Manh  Une,  or  Light  Cuburetlcd  Hydrogoa 
Olofiant  Gaa,  or,  as  a  radical,  Ethylene. 


"ttl 


ACIDS. 


ata. 


49.  Ternary  Componndk-^Of  the  old  class  of  ternary  com- 
pounds, il  is  only  tliosw  which  ure  formed  iiftor  tJio  t>'pe  t>r  water 
for  wliich  the  nilws  of  iJie  nomeacLitunj  ueeJ  at  present  U 
explfliaed. 

50,  Bmm.  —  Tlicse  ve  call  simply  hydr&tes,  and  for  the  sp^ 
cific  tutftie  we  take  the  name  of  the  positive  radical,  chaagiog 
tJtc  termination  into  ie  or  out,  and  using  such  [>refixe$  u  circum- 
ataocea  may  requite,  thus;  — 


/ffu  A'aiius. 


<Xd  Namtt. 


KOB     » 


PotsMio  Uydnte  or  Ilj-drate  of  Potash. 

CaJck  Hjrdnte  "  [Iydnt«  of  Lime 

Ferroiu  flydrate  "  Hydrate  of  Protaxide  of  \ 

Ferric  Hydiuto  "  Hydnto  of  Smquioxtdo  of  ! 

Ziicooic  Hydntt*  "  Uydml«  of  Zirooiiia. 


61.  Aetds. — TIic  inoTgiuiic  ttcids  all  lake  their  spoctfic 
fh>m  the  name  of  the  most  chftToctcristic  vlcinent  of  the  nega- 
tive nulical,  which  is  modified  bjr  tenninatioas  and  prefixes  ■> 
iKfott. 

RONOt        is  caUod  XitHo  Acid 

Jh-OiSOt 

Jl,OiSO 


Sulphuric  Acid 
Sul[>1iurou«  Acid 
ThiuHulphurooa  Aeid. 


The  ipeciRc  names  of  the  organic  acids  arc,  as  a  rule,  arbitmy, 
like  tartaric  acid,  citric  acid,  malic  acid,  gallic  acid,  uric  ocii 
and  the  like 

S2.  Saita.  —  The  name  of  a  salt  is  formed  [h>m  tlie 
the  acid  fmm  which  the  salt  is  derived,  preceded  hy  th« 
of  the  basic  radicals.  When  the  name  of  the  acid  ends  in  ie,  tbe 
termination  is  changed  into  ate ;  when  in  oiu.  into  ite.  Moreoro; 
the  terminationa  om  and  k  are  letaioed  iu  couucvtioa  wjtli  tk 
name  of  the  basic  ndical,  ami  such  pieflxea  an  used  as  may  bs 
aaeaaaxy  for  distinclioa,  ihm :— 


fa*] 


SALT& 


129 


C<rO,-CO 

H.K>ifOjPO 
HafOfBfi, 


NmNtmH. 

is  Calcic  Carbonate 

"  Caldc  TbiiMtulphita 

"   Baric  Sctl[))iit« 

"    Fenous  Sulpbatd 

"   Faric  Sul}.Ijato 

"    Ammuuiu'iiu^ctio  Plioiplinto 
Hydio-omtnoniQ-soilic  I'hoeptiat« 
IlyvlrixliBodic  i'hcwph^te 
T«tnUiyiln>-o«kiu  DipliMjiliaU 
Dbo(li<i  Telrabonte  (Btimx). 

The  terms  acid  and  basic  have  been  used  as  jiarta  of  Ihe  namt 
of  a  salt  very  confusetlly.  We  would  propose  to  limit  thia 
speciid  use  of  Uit-sc;  worJs  to  such  salts  as  still  cotituiii  atoms  of 
hydrogeii  rejilacc/iblu  by  a  rudical.  basic  in  the  first  case  and  odd 
in  the  oth«r.  Tliis  use  bus  bcuu  followed  on  payc  110,  wlicre 
Uie  distinction  baa  been  poiuled  otit  between  soils  of  this  class 
and  those  ba^c  and  acid  Ralt8  which  may  bo  regarded  as  funned 
by  the  oementii)^  together  of  several  railicals  iiito  a  single  com- 
plex group.  Salt*  of  thia  last  kind  we  would  distinguish  by 
appropriate  prefixes,  but  as  examples  of  names  of  both  forms 
have  already  been  given  on  the  page  cited,  it  will  bo  unnecessary 
to  multiply  them  liore. 

The  rules  of  the  noinfuclature  given  above  confonn  to  what 
the  author  reganls  as  the  best  pra^eiit  use  among  chemists. 
There  is,  however,  an  iniiwrtant  departure  from  tlie  general  use 
which  must  not  be  overlooked.  Several  English  authors,  who 
tliink  that  ibe  fidjective3  derived  from  the  Latin  names  of  the 
elements,  with  the  terminations  in  ie  and  oua,  art  not  in  harmony 
with  English  idioms,  use  each  terms  as  Gold  Chloride,  Silver 
XiCrate,  and  Iron  Sulphate,  instead  of  Auric  Chloride,  Argentic 
Kttrate,  and  Ferrous  SulpIiKtc  But  although  this  usage  may  be 
safely  followed  in  many  ca.<(es,it  woidd  greatly  abridge  the  capa- 
bilities of  the  nomenclaiure  to  express  the  difference  betveeo 
such  compounds  as  ferrous  and  ferric  chloride,  or  cuprous  and 
cupric  oxides. 
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In  A  work  des^fld  chiefly  for  insmicllon,  tbe  trritw  Im 
tlioiighl  it  bvsC  uot  oiily  lo  iDtnjduce  iio  novelties,  but  also  to 
Tvprttwiiit  tli«  actual  asa^,  so  for  as  is  possible,  in  all  its  pbasa 
He  woul<l,  however,  oSitt  tlie  foUovring  suggestiou<i,  as  ^uide 
the  student  in  selecting  for  his  own  use  a  wore  onifonu  and 
sislent  system,  lioping  that  before  long  the  cbemists  will  reach 
Bome  agreement  by  which  greater  nnifomuty  may  b*  spciired  :  — 
First,  thai  the  terminuliuiis  ic,  ou*.  ate,  and  tte,  with  tttc  niocti- 
fying  Greek  or  Latin  preHxes,  should  be  used  so  Tar  as  possible 
to  distin-^iiish  the  difTcrcQt  sutes  of  quantivalence  of  tbe  chief 
muhivnlent  Tatlieal  of  the  oompMind.  Secondly,  that  the  Qrerk 
numeral  prefixes  slionld  be  used,  wbeu  neceasary,  to  indicaw 
tlm  number  of  atoms  of  any  radical  which  oach  nwleculB  of  soch 
compound  contains.  Thirdly,  that^  iu  forming  th«  nauio  of  a 
conipoiiod.  it  should  be  the  great  object  to  indiuutu  its  compusi- 
tioii,  and  that  tbe  use  of  such  t«rma  as  acid,  l»uic,  or  anhifdridt, 
as  parts  of  Uiti  name  of  a  isul»tuucc,  should  he  avoided. 

By  referring  to  Uiu  U&t  of  &ulphiil««  on  p«ge  325,  and  to  tk 
list  of  sulphites  on  pogo  321,  the  studeut  will  find  good  euua* 
pies  of  tlie  applicntton  of  these  principles.  He  will  notice  that 
salts  in  which  the  quantivaleuoe  of  sulphur  is  six  are  called  sol* 
plwtas,  while  those  in  which  it  is  four  are  called  sulphitCB,  and 
tliOM  in  which  it  is  two,  hyposulphites. 


QUESTIONS  Ain>  PR0BLEU9. 

I.  niro  tbe  BUDos  of  tbo  oompouDck  npnaented  by  th«  foUowing 
s}itibolii :  — 

a.  KCl;    KtO;    K^S;    Jr,-0,-.SO;    Kt'O^-SOt;  KfOtiSO-S). 

I.  F*0:  FeOiB,;  Fe-OiCO,  FfOiC,(\;  [/V,]IO,;  FtfO^,; 
[/■rJOJ(.VO,),. 

«.   i/a;    IfF;    H-ONO,-.    U-OHO;    BiOfSO^;    BfO^SO; 
fft'0,>PO. 
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e.   H,K'OfS0,,    S,Nc^0^'PO,   H,Na-0tC0i    B,K-0,iC,0^. 
/.   IfiN;    y»0;    NO;    NO,;    N^O^;    NtO,;     MnO;    ift.,0,; 

2.  Write  the  aymbols  of  the  following  compoundB :  — 

a.  Calcic  Sulphide ;  Calcic  Sulphite  j  Calcic  HTpoaulpfaite ;  Calcic 
Sulphate;  Calcic  Hydiate;  Calcic  Sulpbo hydrate ;  Calcic  Caibooate; 
Calcic  Sulphocarbonate ;  Calcic  Silicate. 

b.  Water;  Potaaaia  Hydmte ;  Nitric  Add;  Potasaio  Kitiate ;  Nitric 
Anhydride ;  Fotaiaio  Oxide. 

e.  Magnede  Oxide;  M^^i^^  Hydnte;  Magnerio  Nitrate;  Mag- 
nnic  Carbonate ;  Mt^edc  Pboephate ;  Ammosio-magDesic  Phosphate. 

d.  CnprouB  Chloride;  Cuprie  Chloride;  Ferroua  Chloride;  Ferric 
Chloride;  Sulphurous  Oxide;  Sulphuric  Oxide ;  Fboephoious  Oxide ; 
Fhoapboric  Oxide. 

N.  B.  Examples  like  the  above  should  be  gieatly  multiplied  by  the 
teacher,  pains  being  taken  to  group  together  the  names  and  symbols 
in  the  way  best  calculated  to  exhibit  their  relations  and  to  assist  the 
memoi;. 


CHAPTER  XL» 

HOLBCDLIB  WEIGUTS  AXD  KOLBCUIAK  TOLDVES. 

'S3.  D«t«naiiuUG>i)  of  Hol«cul«r  WalglitK — The  validity  of  ' 
our  idoJltu  llivurius  ot'  cbeuitslry  ^ery  greatly  (li'jieuii»  vn 
the  cortAiiity  with  wLicli  lavli-cular  inagnitudiit  Imvc  bevti  de- 
fined, and  it  is  of  the  lint  imiMrtaiiov  fut  tlio  siuiimil  of  tba 
Bcienc«  to  be  able  to  appreciate  tiiti  rdutive  value  of  dkU  d 
thia  kind.  Aa  has  been  ali«a<ly  fttAt«iJ,  ne  do  uot  ex)>ect  to  de- 
duce froiD  the  va}ior  denaity  of  a  aubstauoe  the  {uecue  valua  U 
its  molecular  weijjbL  The  exact  valiu  u  detmnirud  by  the  n- 
miiU  of  chemical  aiufysif,  vthidi  are,  as  a  n>/«,  far  more  aeamU, 
and  the  ipreific  gravils  U  otUy  HStd  to  decide  vhich  ^  sevtr^  jm- 
$AU  muitipU*  mitsi  ht  the  tnte  whu.\  It  has  also  been  sliora 
{§  24)  that  WD  uin  always  calutilato  llw  uioU-cukr  wvi(>bt  eS  » 
«ub«taaoe  from  the  results  of  ft  cti«uiical  ooalystH,  on  tbu  assutap- 
tiou  that  tlie  iiiulvcult;  coutaiiis  tJio  smuUusl  |'0««ibk'  nuniberaf 
whole  atonia,  aiul  lltut  tliv  Uue  malucular  nuij^lit  iiiui<l  Iw  (onw 
simple  Diultiple  of  Um  luiuiniuiu  value.  Moreover,  Uio  j^Dcnl 
principle  has  beeii  laid  down,  that  the  definite  quaiilities  of  two 
or  more  substances  wiiich  concur  in  a  chemical  process  are  eitlier 
in  Uw  proportion  of  tlie  molecular  weights  of  tliese  8ubetancea,iir 
of  some  Himple  multiplea  of  these  weights;  and  aiocu  we  ciB 
determine  by  aimlytidd  proceMea  thesu  dvtinile  proportions  will) 
great  accuracy,  it  follows  that,  when  the  molecular  wviglit  of  one 
of  the  substances  is  known,  we  can  roulily  calculate  a  com- 
sponding  weight  for  each  of  iLe  otheis,  and  tlieee  oomapanding 


*  ni«  chaptn-  tt  MpfilMBMibfT  la  tb«  eluptcr  on  Molenbi^  wlikli  Ukaff^ 
denl  woatd  do  wdl  lo  nrMw  in  ihi*  cnniiMlion.  Althnu|ch  4ir*etly  etnut^ 
witk  UiB  rabiKt  of  Cluptcr  III.,  t]ie  topScs  lierttn  lUMmwd  ianin  |ii!lacl|fa 
wUcli  had  not  Ui«n  Wn  dtwJapwL 

t  Coai|w«  nriliilljr  ( 18,  aad  jmiUeiii  SI,  pa^*  ST. 
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the  molecular  weights  of  the  stihstances  in 
simple  multiples  of  these  weights,  and  as 
'1>etweea  these  multiples  the  vapor  density  will  enable  us  to 
decide. 

Tlie  general  principle  last  stated  may  be  applied  iu  a  great 

,riety  of  wnys,  which  are  rcudily  comprehended  nud  best  stud- 
ied in  connection  with  ftpecial  ca«i>9.  Tlio  most  general  methml 
i*  tlic  one  prvviini^ly  r«fen«d  to,  which  con»ial8  in  det«nniniiig 

.6  ntoltwular  weight  approximately  from  the  vapnr  density,  and 
correotinij;  the  Tftsnlt  from  Uie  percentage  compoaition  deduced 
by  chemical  aoaiysi!)  (§  '24).  But  although  our  modem  chemical 
theories  teat  in  great  measure  on  the  molecular  weight  of  a  few 
typical  compounds  determined,  at  least  upproxiuiuttily,  by  their 
specific  gravitiBS,  yet  it  is  only  in  a  comparatively  few  ciutos  that 
wo  are  uble  to  refer  th«  molccaliir  weight  of  a  suli^tance  directly 
to  this  fiindiunental  measure.  Most  substances  are  so  fixed,  or  so 
easily  di:eompOAed  by  hoat,  that  it  is  tmpoafiible  to  detcnnine  the 
specific  gravity  of  their  vapor,  even  when  such  a  condition  ia 
possible.  In  these  cases,  however,  we  endeavor  to  refer  the 
molecular  weight  indirectly  to  the  fundamental  measure,  by 
estiibliahiug  a  relation  of  chemical  equivalency  Ixitween  the 
substanoe  whose  molecular  weight  is  sought  and  aome  ch«rlp 
aiiiai  volatile  siibstauce  whoso  molecular  weight  has  been  pre- 
viously determined  in  the  nianuor  described  aliove.  A  few  ex- 
amples will  make  the  application  of  this  principle  intelligible. 

It  is  required  to  determine  the  molecular  weight  of  nitric  acid. 
A  careful  study  of  the  numerous  nitrates  leads  to  th«  conclusion 
lat  this  acid,  like  hydrochloric  acid.  HCl,  contains  hot  one  atom 
'of  ivplaceable  hydrogen.  For  example,  we  find  but  one  potitv«ic 
nitrate  and  one  sodic  nitrate,  wherea.1  we  should  expect  to  find 
M*etal,  if  the  aeid  were  polybasjc.  Hence  we  conclude  that  one 
molecule  of  argentic  nitrate,  like  one  molecule  of  argentic  chlo- 
ride, jiffCl.  contains  but  one  atom  of  silver.  Nest,  we  analyze 
argentic  nitrate,  and  find  timt  100  parts  of  the  salt  contain 
63.53  parts  of  silver.  We  know  th«  atomic  weight  of  silver, 
108,  and  evidently  this  must  bear  the  seme  relation  to  Uto  mo* 
lecalar  weight  of  argentic  nitrat«  that  63.53  bears  to  100.    But 
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63.53: 100=108:x  =  lTO,  which  is  tlie  molcculur  wtofjtitnl 
ugentic  nitrate,  and,  since  the  molecule  of  nitiiu  acid  diflfcn 
fW>iii  that  of  argentic  nitr&te  only  in  containing  an  mom  of  hydro- 
gen in  place  of  the  atom  of  silrer,  its  own  weight  must  be 
170-108  +  1  =  63. 

It  is  reqiiiied  to  determine  tl>e  molecular  weight  of  enlphiirie 
acid.  A  comparison  of  the  difl'erent  stUpbatea  shows  Uiat  sul- 
pliuric  acid  is  dibuAic  W»  find  two  snlpbates  of  potassium  uA 
Hodium,  an  aci<l  sulphate  and  a  nealinl  sulpliate.  and  Iienoe  ve 
conclude  that  tliis  aeid  contains  two  njplooeaUe  atoma  of  bf- 
drogen,  and  hence  tiinC  oiw  molecule  of  nentnil  potussic  sulphala 
contains  two  atoms  of  potassJuu).  In  aiialyzinj*  potassic  sal- 
phate  it  appears  that  100  parta  of  the  salt  contain  44.83  ports  of 
potaasinm,  and  evidently  this  weight  hears  the  same  rulatton  10 
100  that  the  weight  of  two  atoms  of  potassium  Xxan  to  tlie  we^ 
of  the  molecule  of  potassic  sulphate.    Thus  we  hare,  — 

44.63  :  100  «=  78  :  K  =  174,  tho  Jf.  W.  of  PotaMie  Snlphata ;  ad 
174  -  78  +  2  =  98,  the  M.  W.  of  Snlphnric  Acid. 

By  a  similar  course  of  reasoning  we  may  deduce  from  Ai 
resnltj  of  aualysis.  aud  from  the  general  chemical  rotations,  tbt 
tnoteculor  weight  of  any  other  acid  or  base.  If  tbere  in  ai^ 
question  in  reganl  to  the  iMuticity  of  Uio  acid  or  tbe  acidity  of  tlw 
base,  tlicre  will  W  tho  same  question  as  to  the  molecubr  weight : 
but  wo  caniint  \te  led  far  into  error,  for  the  troe  weight  will  be 
•ome  simple  multiple  or  submultiple  of  the  mm  assnta«d.  and 
the  prepress  of  acienoe  will  sooner  or  later  correct  our  mistalra. 
From  tite  molecular  weight  of  any  acid  we  easily  dednoa  tbe 
molecular  weights  nf  all  its  salts. 

AVhen  the  substance  la  not  distinctively  an  acid  or  a  baae,  bol 
is  capable  of  entering  into  combinnlion  with  other  bodies,  we  ou 
fm|uonCly  disi^ver  its  molecular  wulght  by  dvt«rmining  expoi- 
tnentally  how  much  of  this  substance  is  equivalent  fa>  a  Iminm 
weiglit  of  some  allii-<d  but  volatile  sobetauoe  whose  molociilaT 
weight  is  known.  Thus  ammonia  gas,  whose  moleoolar  weight 
18  one  of  tl>e  best-established  data  of  chemistry,  eotcn  tato 
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direct  unioa  with  a  cumpoand  of  pktinic  chloride  and  kydro- 
cbloric  acid  (JtCkBt)  to  fonn  a  definite  ciystoUiDe  sail  whose 
composition  is  exactly  kuown, 

^  Pt  a,ff,  +  2  m/,  =  ft  CT,(^ff,), 


[«] 


?ow  a  ver>'  laigo  number  or  siibstaw:ia  allied  to  ammonia  form 
Wit3i  this  same  platinum  salt  cciaally  dctiuiUi  |ir<xluct&.  so  ttint 
by  simply  determining  Uie  weight  of  iiktinum  in  tlivse  coat- 
pouutU,  n'hicli  is  vuiy  easily  done,  their  molucular  woights  may 
at  once  be  lefened  to  tiw  molecular  weight  of  aninionin. 

In  discussiaj;  tl)i»  subject  it  must  not  be  forgotten  timt,  when 
the  peicenu^^c  and  atomic  weight  of  a  single  constituent  of  a 
compound  is  given,  we  can  always  calcuUt*  by  §  ^  a  valne 
vbtcb  is  cither  the  molecular  weight  or  some  simple  suhmnl- 
tipl«  of  it;  and  furllier,  that,  if  we  iitn  also  find  out  the  noniber 

Iiot  atoms  of  any  such  constitucDt  in  one  molecule  of  the  com* 
jKiuiid,  Uie  problem  of  detcnniiiing  )t«  molecular  weight  itt  coui- 
pletely  solred.    Heuce  the  study  of  chemical  reactions,  and  all 
aimtlar  invcjitigattORS  by  which  we  seek  to  disoover  the  chem- 
^.ical  relations  and  molecular  structure  of  bodies,  serve  also  to 
^Mstablish  the  molecular  weight    In  such  cases  as  la  those  pre- 
Hivioualy  consiciered  the  stiidi'ut  must  learn   by  experience  the 
^tnany  ways  in  which  the  general  principles  wo  have  emmciated 
are  applied,  and  the  special  cases  will  present  Utile  diflieulty  tf 
only  these  principles  arc  undenUiod.   There  are  many  substances, 
however,  in  regard  to  whose  molecular  weight  we  can  reach  no 
satisfuetory  conclusion  in  the  present  state  of  science.     This  is 
espocially  true  of  the  native  silicates  and  otiier  complex  com- 
pounds of  the  mineral  kingdom.     In  such  casus  we  adopt 
pro\'isionaIly  for  the  molecular  weight  the  value  whiclt  corre- 
sponds to  the  simplest  possible  symbol,  and  wait  uutd  the  pn>> 
L,gTess  of  science  enables  u<i  to  reach  more  definite  conditions. 

64.  ConatltatioD  of  Uolecvlea.  —  It  is  a  favorite  lbeor>-  with 

!  «ome  chemists  that  no  ntolecide  can  exist  in  a  free  condition 

with  any  of  its  afhnities  unsatisfied ;  hut  those  who  hold  this 

view  are  compclletl  to  admit  that  two  points  of  attraction  in 

tlw  same  atom  may,  in  certain  cases,  neutralize  each  other. 
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HcDoe  they  would  distinguish  bcttreen  a  dyad  atom  like  that 
of  oxygen.  -O,  with  it«  nHliiitira  open,  and  a  dyad  atom  like  that 

^oF  mercury,  Utfi,  with  its  aflimties  closed  through  thoit  own 
niutunl  attmctiou,  like  two  opposite  magnetic  poles  when  in 
contact  The  tirat  could  not  exist  in  a  free  condition,  wbile 
the  last  obuld.  In  like  manner  any  atom  liiiviiij;  mi  even  uum- 
bor  of  points  of  attnictjou  can  i-xist  in  a  free  slnt«,  becaun  all 
ita  nfiiniiii-s  may  be  satisB«d  witliin  itself;  but  an  atom  having 

*  an  uneven  number  of  pointo  cannot^  for  at  Icaat  one  of  its  afflui* 
ties  mu«t  bo  open.  As  thus  interpreted,  it  must  be  admitted  tJiot 
the  Uwofy  expliiins  many  faclA. 

!For  example,  among  the  nnivalent  elementa,  chlorine,  and  alao 
bromine  and  iodine  when  gaaex,  are  all  known  to  have  molecules 
eoDsistin}^  of  two  oionia.  ^,  aUo,  the  molecule  of  cyanogen  gas 
oonsists  of  two  atoms  of  the  radical  CN;  and  the  sumo  is  true  of 
sthyl,  propyl,  etc,  at  least  if  the  hydrocarbons  so  named  bare 
nally  the  constiLiitiun  lirst  assi<!ned  to  them  as  flasee. 

Faming  next  to  the  dyad»,  we  find  that,  while  oxjijen,  sulphur, 
•Senium,  and  tellurinm  have  molecules  oonsiitting  of  two  atomi, 
tile  metals  mercury  and  (tadmium,  and  the  radicals  ethylene, 
propylene  (C?,//,  and  C^^,  etc.,  have  molecules  which  coincide 
with  their  atomn 

Of  tlic  wull-detined  triad  elementA  none  are  volatile,  bat  the 
two  trioil  radicals  which  have  been  obtained  in  a  free  state  — 
allyl,  f^,^,.aod  kakodyl,  {fiH^Aa — both  have  doablo  atomic 

In  like  manner  none  of  the  tetrad  elements  are  volatile,  am) 
the  only  tetrwl  raiUcal^  ktiown  in  a  free  state  have  single  atomie 
mol«cu1ea. 

Of  t)ie  pentad  elements  nitro^n  has  a  ntoloctilo  of  two  atoms, 
whilo  phoHphoms  and  arsenic  ha\'«  molecules  of  four  atoms.  No 
compound  radicals  of  Ihh  order  are  known  in  a  free  state. 

Lastly,  the  only  hexai)  radical  known  in  a  free  state,  beoiol, 
C,R^.  has  a  molecule  which  coincides  with  its  atom. 

Thus  it  appears  thftt  in  general  the  iJieory  ta  sustained  by  tlie 

foots.     Xevertbelees  there  are  several  well-marked  excepLions 

m  t 

to  it     Tims  the  wcU-known  compounds  JV'O  and  yOt  have 
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n)olecal«s  which  act  as  radicals  of  uaeven  atomioities  nsi)  yot 
ooatain  but  one  complex  atom ;  nod  otutaia  recent  experimentii 
would  seem  to  indicate  timt  at  higli  teinpcrotuTc«  it  may  be  pns- 
aible  to  ilisitociate  .luch  moIecule»  as  Cl-Cl,  and  bavo  the  univalent 
atoms  existing  hy  titeutselvea.  Wa  must  be  careful,  thuivfore,  not 
to  give  too  much  weight  to  tliifl  bypothesU,  but  still  it  mi^  be 
ttteful  in  co-ordinating  facts.  It  leads  at  once  to  UxKtt  general 
jthnciplea  which  will  be  found  to  be  almost  universally  true. 

.  The  hrst  is,  that  the  sum  of  the  atomicities  of  the  alouis  of 
'every  mokcule  is  au  even  number. 

Tliu  sccuud  is,  that  the  atomicity  of  any  radical  is  au  odd  or 
oven  number  according  as  the  sum  of  the  atomicities  of  its  ele- 
tueotar}'  atoRks  is  odd  or  even. 

Tlie  thinl  is,  that  the  quantivalence  of  elementary  atoms  must 
be,  as  stated  on  page  81,  either  even  or  odd.    They  are  artiads  or 
periaaatU.  and  the  theory  would  lead  us  to  expect  that  tlio  two 
i     characters  would  never  be  manifested  by  the  saiue  elements, 
^b    It  hn^  also  been  a  question  among  chemista  whether  molecular 
^■Combi nation  was  possible  ;  in  oLlier  words,  whether  it  i.^  ]>ussible 
^rfor  molecules  of  different  kinds  to  combine  cJiemically,  each  pre- 
serving its  integrity  in  the  oompouad.     Some  of  the  ailvooates 
Kof  the  unitary-  theory,  ui  Uie  reacliun  agaiust  the  dualistic  sys- 
^tcm,  bavg  been  iuvUuod  to  doubt  the  possibility  of  such  com- 
pounds, and  have  attempted  to  represent  the  symbcjls  of  ali 
compounds  iu  a  single   niuleculur  group;   but  any  anlececleat 
improbtibility,  on   theoretical   grounds,  is   far  more   than  out- 
weighed by  ihu  evidence  of  a  Urije  number  of  compounds  whose 
conttititUon   is  most  simply  explained  on  the  hypulhcsis  of 
_Sio]eoular  combination.     For  cxam))le,  in  the  cr\'Klalline  salts 
^^t  is  im|to&stble  to  doubt  that  the  water  exists  as  sucli,  not  as  a 
part  of  the  salt  molecule,  but  combined  with  it  as  a  whole.     So, 
also,  there  are  a  number  of  double  salts  whose  constitution  is 
I     most  simply  explained   on  a  similar   hypothesis,  and,  in  tiie 
^nn«se»t  state  of  the  science,  it  eeema  unnecessary  to  compli- 
^mrte  their  symbols  by  forcing  tliem  into  the  unitary  mould.     It 
ffb  a  characteristic  of  such  niulecular  compounds  as  are  here  as- 
sumed, Uiat  the  force  which  holds  together  the  molecules  is  muoli 
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feebler  titan  that  which  bindti  tugeUtcr  tb«  Atoms  ia  tbo  moleonlc 
When  tlie  molecular  attractiou  is  voiy  Hrong,  it  is  pmlnUe  that 
in  almost  all  cases  the  (lifTerent  moleculm  coalesco  into  oa«  ;  and 
betweeo  the  extremu  limiu  we  fiml  oonipouuds  in  which  it  in 
difficult  to  det«rmiQe  whether  tnie  molecular  coiubiiialiop  exists 
or  not.  Such  coalescing  of  distinct  inoleculea  se«iU8  always, 
however,  to  bo  attead»I  with  a  greater  development  or  lieat, 
and,  in  general,  with  a  more  marked  mamfestaliou  of  jihystcal 
eneigies,  than  usually  attends  either  molecular  aggregatiuii  or 
attHsic  metathesis. 

In  the  notntiou  of  Uiiu  book  molecular  combination  is  indicat«l 
by  n-riling  toguther  tti«  «ymboU  of  the  diflerent  molecules  tbut 
uaitwl,  but  sepanttin<;  these  symbols  by  pcrioda.  Thus  the  s^mibola 
2A'(7V./*f6V,  and  3NaF.  HIF^  reprvsutiL  compounds  of  this  class. 

65.  Isoia«rl«n,  PotyuMtUn.  AUotroplAin,  FolyiaoiptalMn.  — 
Wo  have  alre*dy  shown  tliai  tbu  3aiu«  uUjui.i  luuy  be  f^ruiipvd 
in  diJlerent  ways,  m  na  to  form  dilfereut  uulccutits  which  in 
their  aggragnlion  prewmt  oasonlially  distinct  qiialttici.  Thna 
VMb  difttinct  ftubstanua,  having  the  same  conipix^itiou  and  the 
same  rapor  density;  and  sudi  substances,  as  has  been  stated,  an 
aaid  to  be  ieomertc,  and  (Ite  plMinomunon  is  called  isomerism. 
Tberp  nre  dilTcirunt  pltaacA  of  isomerism,  which  it  wUl  \k  well  bo 
diatingui^)),  not  mi  mudi  on  acoount  of  any  esMtttial  differvncM 
in  the  plicnoinvna  as  in  order  to  make  ourselves  bett«r  acquuinted 
with  ita  manifestatious. 

In  the  fiist  place,  we  Itave  examples  of  isomeric  bodies  having 
the  aam«  centesimal  composition  and  molecular  weight,  but  whose 
molecules  have  an  essentially  different  slructun;.  I^us  aldehyde 
and  oxide  of  ethylene  have  both  the  same  empirical  8}'mbol, 
C^fi,  but  the  structure  of  their  molecules  is  indicated  by  the 
very  diOvTent  atructunit  symbols 


OKtelPljl—, 


cH,-co-a 


So  llao  the  same  empirical  symbol   CJIfi^  ami  therefore  tbe 
MOM  oenteaimal  composition  and  vapor  density,  are  oomnxm  to 

{CB^-rtf^OiCBO)        and        CH,-0-tCO-C/r^ 
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tit  bomerie  componnds  nre  eHttentinlly  distinct  fluhstanres 
in  all  tLcir  diemiciJ  rckcions,  as  their  wholly  difToreiil  iiaiues 
indicate 

Tlic  secotid  class  of  isomeric  compounda  resemble  each  other 
Tar  more  clasely  than  the  la^t.  Titey  have  tJie  same  general 
propiirties  and  the  same  general  system  of  reactions,  but  difi'erin 
a  fpw  marked  qualities,  physical  or  chemical,  and  preserve  these 
characteristics  to  a  greater  or  less  extent  in  tJieir  derivatives. 
Such  isomers  are  usually  rcgitrdiMl  ns  varieties  of  the  same  sub- 
stance, and  nro  often  dislinyiiiMheii  by  proflxing  ortho,  para,  «t 
mrta  to  a  common  nnma  The  four  varieties  of  valerianic  acid 
■whoso  strtictiiml  symbols  have  been  given  are  good  examples  of 
this  type  of  isomnric  Iwxiies,  and  by  examining  these  §ymbols  it 
will  be  seen  that  this  type  differs  from  tlie  last  only  in  the  fact 
tbat  the  difference  of  stmctare  is  lesa  fundamental 

The  third  class  of  isomeric  bodies  difl'er  solely  in  their  phj*sical 
relations.  Chemically  tbey  are  the  same  substances,  and  are 
known  by  the  same  chemical  name,  altJiough  sacli  isomers  ore 
often  distint^uishcd  by  mincmlogists  as  tliHerent  species.  Thus 
common  cidctc  rarbrmatc  cr^'stollizea  in  two  fundamentally  di3> 
tinct  furnis.  cora^'' ponding  to  the  two  iniueralogical  species  calcite 
and  ftragi>tiil<::,  and  these  differences  of  form  are  accompanied 
by  differences  of  density,  hardness,  and  other  physical  qualities. 
Again,  titanic  oxide  occurs  in  nature  in  three  distinct  forms, 
corresponding  to  the  mluei-alogicul  SjHicies  mtile,  bmokite,  and 
octatiedrite.  marked  as  before  by  difTerenccs  "f  pbj-sieal  qualities. 
Compounds  capable  of  such  different  cry.*talline  states  are  said 
to  be  dimorphous,  trimorphous,  or  polymorphous,  as  the  case 
may  be;  and  our  theories  lead  us  to  refer  the  difference's  to 
variations  iu  tJie  grouping  of  the  molecules  by  which  the  crys- 
tftUinc  sfigregatcs  are  formed,  and  not  to  any  differences  in  the 
molecules  themselves. 

We  may  distinguish  still  a  fourth  class  of  isomeric  bodies,  in 
which  even  the  physical  differences  an:  reduced  to  a  variation 
in  tlie  distribution  of  certain  planes  on  crystals  which  are 
otherwise  identical,  aud  to  a  corresponding  difference  of  optieal 
relations.    Thus  there  are  two  varieties  of  tartaric  acid,  th«  Gist 
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of  which  deviates  the  plane  of  polariiation  of  a  ray  of  light  lo 
the  left,  while  the  second  deviates  it  to  tite  right,  and  tbe  aimilu 
crystals  of  tl>e  two  varieties  show  certain  alight  difTerenotg  is 
tbe  distribution  of  their  pbines ;  bttt  in  almost  every  other  mpect 
the  two  bodi^:*  are  idcuticul.  Such  differeDces  aa  these  are  sot 
uncoininon,  and  appear  to  be  even  more  fundamental  than  thne 
last  described,  iMnoe  they  often  per!<Ut  aflvr  tlie  substancea  tie 
brought  iiiio  solution,  when  it  is  [>rot)able  ibal  tliu  toritoculas  are 
separated  more  or  leas  widely.  The  two  varieties  of  sugar  cnllol 
dextroae  and  leTulose  derive  their  names  from  tlte  circum^tame 
that  au  aqdeoos  aolutioD  of  the  hrst  routea  tbe  plane  of  iwlaria- 
tion  to  the  right>  while  a  solution  of  the  second  produces  a  simi- 
lar effvct  in  the  0[}]>ositv  direction,  and  a  well-known  pttiocH  of 
saccbarituctiy  is  bust^  on  lltese  elTects. 

When  twu  substances  hai'c  the  same  centesimal  compo«itioa 
bat  diiTl'n-nt  molecular  wcij'tils,  m  that  the  symlnl  of  onMH 
nsccssurily  a  simple  multiple  of  that  of  the  other,  tbe  aubstawi 
aro  said  to  bo  polymeric.  Thus  butyric  acid  and  acetic  etb», 
which  am  isomeric  with  respect  to  each  other,  are  polymeric 
with  respect  to  oxide  of  ethylene  and  aldehyde,  as  will  be  seen 
by  comparing  the  8>'inboIs  given  below : — 


(rff,-rff,)-o 


Cff^'CO-H 


Anong  polymeric  aa  among  iaomeric  Itodiea  we  find  sabstanoesi, 
like  tho«e  just  referred  to,  wliich  diDer  very  widely^  and  oUm» 
which  are  so  closely  allied  that  the  heavier  oompouixla  ntay  U 
regarded  oa  eondensed  forms  of  the  ligliter ;  and  some  chvmiiU 
confine  the  aae  of  the  term  polymers  to  compounds  of  lliia  EaK 
class,  like,  for  example. 


C,ff,0 


and 


SSi?. 


Here,  however,  as  before,  tbe  diffeieDoea  are  all  nnquestiaiiabljr 
dne  to  diffeienoes  of  atomic  or  molecular  stnicture.  althoogli  in 
many  case*  wo  have  not  yet  been  able  to  dctdminQ  io  what  the 
diffcreitce  constsia. 
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DiSenttcM  of  coadiUoo  similar  to  those  we  ha,\e  AeacsitxA 
miuiifttsl  UieiU3«Ir«s  even  morv  murkedly  among  elementaiy  Bub- 
stAiKwa ;  ood  Uie  word  alU^ropirm  it  usuiilly  applied  in  such 
cases.  Tlius  tliere  are  two  allotropic  staUts  of  pliosphonis, 
^wbi^li  diifer  so  much  from  eacli  other  tliat  uo  one  would  suspect 
from  their  external  characters  that  there  was  ouy  identity  be- 
tweea  them,  and  to  these  two  states  conespoud  two  fiiiiduiti«ii- 
tally  different  ct^'stalline  forma  III  some  cases  the  ditlvmiicm 
between  the  allotropic  states  of  the  same  elepieut  are  far  greater 
than  any  which  are  si-on  between  the  most  unlike  isomeric  com- 
pounds. Ko  ftub»tancvs  could  be  better  defined  by  well-marked 
and  utterly  distinct  quaLilii*-*  than  diamond,  plumbago,  and  char- 
coal, and  yet  they  are  all  three  allotropic  modifications  of  the 
0D«  elementary  subatauce  we  call  carbon. 

iProbably  these  phenomena  are  alao  inauifestatiouH  of  atomio 
structure.  Thus  we  know  tliat,  while  a  moleculu  of  oxygeu  gas 
consists  of  two  oxy^^n  atoms,  O^.  a  molecule  of  oioiie  cunsist^  of 
tliie«.  0^  We  know  also  that,  while  a  molecule  of  suljihur  vapor 
justttbovf  the  boilini^-poiiit  of  sulphur  couaUta  of  six  atoms,  S^ 
a  molecule  of  Uio  saiue  vapor  above  860°  consists  of  only  two 
atoms,  £« :  and  it  is  a  plausil'h-  theory  tliab  a  molecule  of  diamond 
differs  from  one  of  charcoal  in  that  it  consists  of  a  larger  number 

•  of  carbon  atoma  Differences  of  allotropic  state  may  also  depend 
on  a  difference  in  the  groupin);  of  tlie  same  number  of  atoms, 
but  of  such  differences  we  have  no  [w.isitivc  indication^!. 

56.  BIoIaciilM;  VolniBM,  BqulvaUnt  Toltimw,  Specific  Tol' 
ttniM,  Atonic  Volumaa.  —  The  fact  (hat  all  aeriform  bodies  ex- 
paml  or  ■.x>iitnK-t  tipiully  under  llie  santo  variations  of  Lemper* 
aiiire  or  pre^ttitv,  is  intimately  connected  with  that  equality  of 
molecular  volumiM  which  the  law  of  Avogodro  tsserU.  With 
liquids  and  solids  no  such  equality  in  Uie^e  physical  relations  is 
found,  and  we  should  not  therefore  anticipate  that  their  molecu- 
lar volumes  would  be  as  simply  related.  Moreover,  we  have  no 
direct  uud  certain  means  for  determining  the  relative  molecular 
volumes  of  lifiuid  and  solid  bodies.  It  is  true  that,  if  wc  as:tume 
that  in  such  bodies  tiie  interspaces  are  insignilicant  as  compured 
with  the  actual  volume  of  the  molecules,  or  hear  the  some  rela* 
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tion  to  this  volome  id  oU  su))«t«iic«s,  theu  the  quotients  obtained 
by  dividitig  th«  tnoleoulRr  wigbU  of  difToront  bodies  by  ifaeir 
^eoilic  gravities  would  bear  to  noh  utbor  tim  twrnu  relatioDs  m 
the  inotecular  volumea  of  these  iKxiie^  Tim  first  of  theee  aa- 
9uniptii>ii3  is  mauifestly  wholly  unt«uiibIo,  au<]  it  i^  eqoally  evi- 
dent that  the  second  canuot  l>e  universally  iroe.  Kuvertbelesi, 
when  we  cwnpnre  closely  allied  subMauoeai,  we  disoowr  interest- 
ing Telatjona  between  the  molecular  voIunKs  calculstoil  as  juat 
described.  It  Li  obWous  that  the  abeolute  values  of  tlie  quotints 
obtained  by  dividing  the  molecular  weights  o(  different  bodiet 
by  their  specific  gravities  must  depend  wholly  ou  the  umta  to 
which  the  diviaorsaud  dividends  aro  referred.  But  if  we  aasuna 
ttiM  the  speciSc  ^vity  of  tlio  molecule  is  the  mmo  as  the  ob- 
served specific  gravity  of  the  body,  or.  what  amounts  to  the 
same  tiling  thai  the  volume  of  a  molecule  is  not  solely  its  abso- 
lute voluine,  but  indodes  the  whole  of  that  portion  of  space 
which  it  may  be  said  to  occupy ;  then  the  <iu<.itient«  above  de- 
scri1)ed  mn9t  \te  proportional  to  the  molecular  volumes  so  defined, 
and  may  not  inappropriately  bo  called  the  mt)lfeiilar  votHmei  of 
the  bodies,  although  some  authors  prefer  the  terms  r^irttletU 
wotumea  or  tpecific  voiumeg. 

Since  liquids  present  a  much  frfeater  unif'^rmity  than  solids  n 
tl«lr  physical  condition,  we  should  naturally  expect  to  find  aiai- 
pler  relations  between  their  molecular  volumes,  especially  when 
they  are  companrd  ns  ni'arly  as  possible  under  the  same  jkhysical 
conditions,  IIS,  ior  example,  at  tlie  boiling-points  of  the  se^'vral 
liquids.  The  specilie  gravity  of  «  liquid  at  its  boiling-potitt 
cannoi  be  aaceitaioed  by  direct  experiment ;  but  when  the  spe* 
cilio  gravity  at  any  one  pointy  for  example,  lo"  C,  has  been  de- 
tennined,  and  tho  lato  of  expansion  is  also  knonni.  the  apecifio 
gravity  at  the  boiling-point  may  be  calculated.  In  this  way 
Professor  R.  Kopp,  of  Heidelberg,  has  determined  the  molecular 
volumM  of  a  laiso  number  of  liquids  at  tlic  boiling-point,  tnil 
ditooversct  Stune  remArkable  relstions  between  them. 

Itt  Diffeience^  of  molecular  volume  are  in  nunwrous  iDBtanets 
proportional  to  the  difl'erence;  between  tho  CDnesponding  <diBm* 
cal  Bvmbols.    One  of  the  most  remarkable  examples  of  this  piin- 
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cipic  is  the  fact  that  the  difference  of  C'ff,  in  a  scries  of  carboa 
coiiiimuiid}  determines  a  <IifI'erence  of  22  in  the  idoIccuIat  vol- 
umes of  the  saccessive  members  of  the  aeriea. 

3d.  The  replacement  of  //,  liy  0  in  a  chemical  csompmind,  whcu 
not  attended  with  on  essential  chaise  of  the  molecular  structure, 
Dtakes  Imt  a  slight  ulterotios  in  the  molecular  volume. 

3d.  The  replacwmoiit  of  If,  by  C  in  a  dhcmicttl  compound  makes 
no  alteration  of  molecular  vulumv. 

TliciM!  general  princip]es  have  furnished  the  basis  for  calculat- 
ing what  may  be  called  tlte  atomic  volume  of  the  atoms  when  iu 
oomhiiiation. 

I  Since  tJie  addition  of  CfT,  Xo  a  compound  increases  the  molecu- 
lar volume  by  22,  tJiis  number  may  be  taken  to  reprt-sent  tho 
atomic  volume  of  CJV,  Moreover,  since  C  may  take  the  place 
of  Hi  without  altering  tlie  moleoular  volume  of  the  cnnipouiitl,  it 
follows  that  the  atomic  volume  of  C  must  be  e<]ual  to  that  of  iT,, 

and  therefore  the  atomic  volume  of  (7  =  —  =  11 )  so  also  that  of 

-Ht  '»  enual  to  1 1,  or  that  of  /f  to  5.5.  Further,  as  tho  substitution 
of  0  for  il,  jiroduces  a  .tlight  increase  iu  the  molecular  volume 
of  a  compound,  the  atomic  volume  of  0  must  1»  rather  greater 
than  11 ;  and  it  is  found  that,  by  assuming  Uic  atomic  volume 
of  0  under  thoso  oircunwUuicw  to  be  equal  to  12.2,  result^  are 
obtained  agreeing  very  n(Ai\y  with  tLose  of  observation.  Such, 
for  example,  is  the  condition  of  oxygen  in  the  radical  acetyl 
C*,//,0,  which  may  be  re;pir(ied  as  deriveil  from  ^,//"j  by  a  sub- 
stitution of  this  kind.  But  when  the  oxygen  atom  oconpics  the 
jxisitJon  it  baa  in  water,  II-OIl,  its  atomic  volume  is  smaller. 
The  9])ed(ic  gravity  of  water  ul  tlie  boilij^-point  is  0.9o7y.  Hence 

its  molecular  volume  at  that  temperature  is  . — ?-  =  18.2 :  and  if 

0.»&;« 
thv  two  atoms  of  hydrogen  have  a  volume  of  1 1,  the  space  lell 
(or  the  o^iygcn  atom  is  7.2.    '\\''hance  we  deduce,  — 


Atomic  Tolomo  of  Q,  H.O 

"  "         H,  5.5 

«  «  O  (within  the  radical).    12.3 

"  *'  0  (without  Um  radical),   7.8 
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And  1^  means  of  llM»fl  valuta  we  can  calculate  the  moleculir 
volaines  of  a  very  large  number  of  oif^c  oompounds,  thus :  — 

Miehjilc,  {C,I/,0}'II    Alcohol,  r,Ar/OJy   Acetic  Aeid,  C^,0 as 


Q     22.0 
//,     22.0 

C,    22.0 
ff,    33.0 

22.0 

2L>.0 

0      12.2 

0      7.8 

0 

12.2 

fifi.2 

62.6 

0 

7.8 

C4.0 

I 


Obeuved,  &I>.1  It  21".    Obterret],  G1.0at'8^    Oboervud,  li3.i}4ta^. 

In  a  simitar  way.  the  atomic  volumes  of  several  other  eleuienta 
(wben  in  combluationj  liave  been  detennined  Thus  we  Lave,  — 


S  (vitlttn  tbe  rtdtcal). 

3B.a 

5  (wUhuut  tbu  ndiual), 

S3.« 

CI, 

SS.8 

V?^ 

27.8 

/. 

37.8 

"  "        Jl''(m  compounds  of  the  ammonia  type),    2.3 

«  "         Of.  28.0 

«  «        yO„  33.0 

And,  as  before,  the  molecular  volumes  calculated  with  thesB  diti 
agree  very  well  with  observatien.  The  following  lae  a  few 
«l«jnple«: — 

OilofMiuUrd,  (^f/iXCS  Ethylk  Nitiato,  C^,-OA'0, 


C,fli  =  33  +  27.5  =  60.5 
CW  28.0 

S  22.6 

111. I 

ObMrrvcd  ut  148«,     U3.7 


C,fl,  =  22+ 27.5  •  49.5 
0  7.8 

JiO,  83.0 

Obeenred  at  6«°.         90.1 


Although  it  is  evident  from  the  above  examples  that  the  sune 
atom  may  occupy  unequal  volumes  in  different  positions,  and 
therefore  titat  the  molcvular  volume  of  a  aubstaiKe  de(><>-nil«  (o  ■ 
certain  extent  on  the  stracture  as  well  as  on  the  compuAitioB  of 
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tbe  molticiile,  yot  it  vn]l  nlso  be  swn  that  isomeric  corDjKiunds 
must,  ID  most  caevs.  have  ttifi  same  muleculur  volumo;  as,  for 
example,  acetic  acid  ad<I  metlij'liu  foriuat«,  comuiun  ether  and 
batylic  alcohol 

The  iiuKit  general  relation  that  has  Iwen  observed  between  tbe 
molecular  volumes  of  solid  compounds  is  that  isoniorpboiLS  com- 
pounds ^  31)  have  equal  molecular  volumes,  which  results,  of 
course,  when  the  <leiisitie3  are  proportional  to  the  molecular 
weight.  I'he  class  of  »alta  called  vitriols  furnishes  a  striking 
illustration  of  this  principle. 

\ 

[  To  &  liiuitod  extent  a  connection  hat  been  established  between 
the  molecular  volume  of  solids  and  tbo  elementary*  substances 
of  wliich  tliey  are  composed,  similar  to  that  which  lt(iuids  exhibit 
vhen  compared  as  above  desoribed ;  but  although  certain  limitcl 
relatione  have  been  shoni)  to  exist,  the  subject  has  not  na  yet 
been  sufficiently  genetulized  to  enable  ns  to  present  tlie  results 
vithont  ^ater  amplification  than  the  limit  of  an  elementaiy 
text-book  allows,  and  wc  would  ryfcr  the  student  for  details  to 
tbe  article  on  Atomic  Volume  in  Watts's  Dictionary  of  Chemistry, 
to  which  wc  arc  indebted  for  the  material  of  this  section. 


tja.'Mt, 

Uol«.  Vt1(bt. 

■p.  Or. 

■m«.  Vol. 

MffSO,.  7  ff,0 

sifi.o 

1.085 

146.0 

£«S0^.  7  //,0 

287.0 

1,953 

147.0 

jffiSO, .  7  //,0 

881.0 

1.931 

143.5 

O.50,  .  7  H^O 

281.0 

1.924 

146.0 

FtSO,  .111^0 

378.0 

1.884 

14T.5 

I 


QUESTIONS  AND  PROBLEMS. 


1.  What  nni  tlio  molecular  weights  (if  alcohol  iirid  camphor,  a*  de- 
duced from  the  rwulls  of  the  6]).  ^Bt.  ilcit^tnni nations  jprun  on  j»p:« 
31,  and  how  do  these  toIuca  ngrco  with  tho  received  molecular  wuigfata 
of  these  Bubstances  1 

Ads.  45.5  ami  155,  which,  although  not  closely  agreeing  with  tho 
Ui«orptiiyil  numbers,  enables  u.*  to  decide  that  the  symbols  of 
these  compounds  are  C^,0  and  C^H^^O,  t*  tlie  umplM  in- 
terpretation of  tbe  analyses  would  indicate:. 
10 
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f.  CnlcolaU  til*  molscaliir  w^bta  of  tbd  ■oteUne««  vhoM  n^ 
d«iisitio«bavi»bMndetenDiDediDtlMpKiUemBldto30,  pages  ASloU 
Compare  these  letnlu  wiUi  tlie  reodved  valon  of  the  molacuLir  vreigbt^ 
and  «iisver  tlie  fvUuwiti;^  qtieatious :  — 

a.  Hoir,  lu  genenl,  wen  the  aeeepted  values  foand  I 

h.  How  Ur  doee  the  vapor  densi^  serve  to  fix  the  v«]a«  t 

e.  Oa  wltat  does  tho  diS«rcnoe  bctwwn  thertilaM  dedaccd  from  Ik 
olMnvd  vapor  domitiea  and  th«  accepted  valnee  depend  I 

3.  A  study  of  the  different  tartrates  has  led  to  the  oonclunon  alntij 
exptosacd.  that  tartaric  acid,  sltboogh  t«tratomio,  la  diliasic.  It  aba 
sppeara  that  100  parts  of  neutral  aigeulio  tartrate  ji«ld,  wtwo  ignited, 
SA.3d  parla  of  nietallio  silver.  Kuquired  Um  raolucular  might  of  la^ 
toiicacid.  AoM.  IT& 


4.  A  tiundi^  parts  of  boric  oxtdc,  BaO  (wboM  «oiupo«)tion  b 
anuiuod  to  Lu  kuowii),  yield  vrhun  tr«t«d  with  autphnric  acid  IMJS 
parts  of  iMric  viilptialo.  Further  it  i»  owuiumI,  as  tho  tcaolt  of 
carcfnl  study,  th.it  sulphuric  ncid  is  dibuic,  and  tho  metal  batina 
a  bii^ent  ndicaL    lieqnirod  the  molecular  wdgbt  of  solphuric  add. 

Am.  9& 

6.  riio  well-known  base  anilioo  ^ves  with  plalinic  chlorida  a  deflnti 
cryatallliM  product,  100  parte  of  whioh  yield  on  ignititm  3^.99  {UU 
of  ptatinuni.  Kc<iuirwl  tbi>  molecukr  wdgbt  of  aniliiw.  How  iloM 
this  nstdt  agiM  with  tlie  9p.  (Qv-  of  anitino  vajfor,  which  kaa  Imci 
found  hj  observation  to  b«  3.210 1 

Ads.  93 ;  which  oomeponds  to  G{|.  (Br  »f  3.333^ 

6.  The  base  triothjUiniDo  gives  in  liko  manner  a  ptatinutn  nh,  IflO 
parts  of  which  jietd  on  ignitioo  32.13  parts  of  ptsUnnm.  RflqniH 
the  molecular  weaght.  Aos.  lOL 


7.  What  is  lbs  sum  of  tlie  atomtcitioe  of  the  at^ms  of  the  _ 
coles  and  radicals  rcpraeiitAd  bj  the  symbols  given  in  the  pmUsM 
20and:2I,onpa«el21l 

a.  Conipan  together  the  ermboti  of  tbs  fiompoonda  of  the  vaiieai 
alcohol  radicals  on  pages  114  to  116,  and  point  out  tba  oxampkaif 
iaomerism. 
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9.  Calcnlate  the  molecular  volamee  of  the  foUowiog  compounda,  fnm 
the  specific  gnvities  given :  — 

Sp.  Or.  HolB.  TdI. 

Ferrous  Chloride,  2.528  50.2 

Calcic  Chloride,  2.205  fiO.4 

Ntckelona  Chloride,  2.550  60.6 

Meicuric  Chloride,  6.320  Sl.O 

Argentio  Chloride,  B.517  26.0 

10.  Calculate  the  molecnlai  Tolumes  of  the  fijllowiog  native  carbon- 
ates:— 

Bp.  On 

Cftlctto,  OjCO,  2.72 

Dolomite,  (^Ch.\  Mg)  CO,  2.85 

Magneeite,  MgCOt  3.08 

Smithsonitfl,  ZnCOt  4.42 

Ehodochrosite,  Mn  CO^  S.69 

Sideiite,  FtCO,  3.80 

11.  Calculate  the  molecular  volumes  of  the  following  liquids  at 
the  boiling-point,  &om  the  atomic  volumes  of  tbeii  elements :  — 

ODoBlMad.  Obwnd. 

Benzol,  CJI^  99.0  97.9  at    SO" 

Methylic  Oxalate,  {CHi^fOfC^Ot  117.0  116.3  at  162° 

Mercaptan,  Qffi&ff  77.6  76.0  at    36" 

Chloroform,  CffC^  84.9  84.8  at   62" 

Bromide  of  Ethylene,  CfH^Brf  99.6  99.9  at  130" 

12.  Calculate  and  compare  the  molecular  volumes  of  the  fallowing 
liquids  at  the  boiling-point :  — 

Ether,  Cf,ffi«0  Butjlamine,  Otff„Jf 

Butylic  Alcohol,  C,ff^O  Aniline,         C^Brlf 

Phraol,  CfH^O 
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B7,  Bolntlon.  — The  solvent  power  of  water  is  on*  OT  tll«  rafy'. 
familiar  facU  of  comiuon  ^xpi-m'nn!,  aDtl  all  liqiiiils  p(Mst<^  t^ 
same  powtur  to  a  {{tvnter  or  lias  (l^greo;  but  lUny  dlthr  i-r, 
widely  fVnui  cocJi  oLher  in  tJie  raanifcatAtion  uf  l! 
power,  wlticl)  for  each  1i<iuiil  ia  luually  limited  to  a  k. .;.. 
of  solids.    Thus  mercury  ia  the  appropriate  solvent  of  i 
itlcobol  of  leeins,  etber  of  fats,  and  water  of  salte.     Wabar  is  ij 
far  tlio  most  nnirorsal  solvent  kDovn.and  for  tlila  nftson.f 
as  OD  account  of  it«  very  wide  di(rt.t»ioi)  iti  nnluni.  it  1 ' 
tlic   loeditim  of  ino«t  cltttmical   chaago*.    The  plieoowuiii  vl  i 
ai|ueuiis  soluliiiu  funn,  tliurefoi*.  a  very  im|XirUuiL  eubject  <f  j 
chemical  iuiiuiry,  and  these  alone  will  l>e  ooosiderod  in  tUl ' 
connection. 

The  solvent  power  of  water  differs  very  greatly.  Some  sati'U 
like  potassic  carbonate  or  coicic  diloride,  liquefy  in  Uib  Mu)"*- 
phere  by  absorbing  the  moistme  it  contains.  Such  salla  are  nid 
to  deiiquesee,  and  dissolve  in  n  veiy  small  proportion  oT  waia 
Other  mIU,  like  calcic  sulphate,  reqnire  for  solution  serml 
hundrt-d  tiuics  ilieir  weight  of  wat«r,  and  othen  agiiti,  like  bnic 
sulphate,  arv  practically  insoluble. 

As  a  general  rule  tbs  solvent  power  of  water  incteaaes  Iriili 
the  temperature ;  but  here,  again,  wc  obaerve  tlie  groat^A  diifc^ 
ences  between  ditferent  imbstances.  While  the  solubility  of  sotM 
nits  increasos  very  rapidly  with  the  temperature,  that  of  tHhta 
incnaaoa  not  at  all,  or  only  very  slightly ;  and  there  are  a  far 
which  are  actually  more  soluble  in  cold  water  than  in  hot  Tb 
solubility  of  each  aubatanpe  is  absolutely  definite  for  a  prm 
tempoinlun!,  and  wo  can  <let«nnino  by  cxpcrimont  the  atut 
amount  which  100  part*  of  water  will  iu  any  cose  dissabt. 
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Tho  iMuIta  of  such  experiments  are  best  repreflent^-cl  to  the  eye 
by  mcADS  of  a  curve  drown,  as  iu  the  accompaiiyiug  figure,  on 
the  principles  of  analytical  geometry. 


The  %UTes  on  the  horizoutal  line  indicate  d^reca  of  tempera- 
ture, and  those  on  the  vertical  line  parts  of  salt  soluWe  in  100 
parts  of  water.  To  Bud  iho  soluhility  of  iiny  salt  for  a  stated 
t«mperAtun>,  the  ciirvc  bciiig  given,  we  have  only  to  follow  up 
the  vertical  line  corresponding  to  tlie  temperature  until  it  reaches 
the  cun'e,  ftnd  then,  at  the  end  of  the  horizontal  line  which  in- 
teraects  the  cun'e  at  the  same  point,  we  find  the  number  of  parts 
required.  These  curves  also  show  in  each  case  the  law  which 
the  change  of  solubiUty  obeys. 

^VheIl  a  liquid  has  dissolved  all  of  a  solid  that  it  can  tal:o 
up  at  tho  tiimpeniture,  it  is  said  to  be  satumted  ;  hut  wht>u  satn* 
tated  with  one  solid,  the  liquid  will  still  exert  a  solvent  power 
met  others ;  inde^,  in  some  cases  the  solvent  power  is  thereby 
increased.  When  several  salts  are  dissolved  toget)if>r  in  water,  a 
definite  amount  of  metathesis  seems  alwaj's  to  take  place,  and 
the  different  positive  radicals  are  divided  between  ttte  several 
acids  in  proportions  which  depend  on  the  relative  strength  of 
their  affinities,  and  on  the  quantities  of  each  present.    If  in  tliis 
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way  eibher  an  insolnhle  or  a  volatil«  prodact  is  fomidd,  the  saU 
or  the  gas  at  once  falla  out  of  the  soIuUoq,  and,  the  eqailibtiaa 
being  thus  destroyed,  a  new  metatbesia  takes  place,  and  Uiii  goa 
on  so  loug  aa  any  of  tbeee  products  can  be  formed.  Here,  thai, 
wc  find  a  niinplti  cxplauaUou  of  tho  two  important  laws  abeadT 
Stated  on  page  55. 

58.  SolnttoQ  of  Qnm.  —  Most  liquids,  but  e^wcinUy  mta 
and  alcoliot,  exert  on  gases  a  greater  or  less  solvent  power,  whf.li 
i3  marked  by  diflierenoes  of  manifestation  aiuilar  to  tboM  «e 
have  already  etudiud  in  the  case  of  solids,  although  the  peculiar 
pbysioal  eoDditJoofl  of  the  gas  somewhat  modify  the  resolL 
Under  the  saune  conditions,  the  quantity  *  of  gas  dissolved  is 
always  tlie  same ;  but  it  variits  with  the  pressure  of  the  gas  oa 
tlie  surface  of  tlie  liquid,  witli  Ute  tempenture^  and  with  tla 
peculiar  nature  of  the  gas  and  tiie  absorbing  liquid.  Tba  qosa- 
tity  of  gas  dissolved  by  one  cubic  centimetre  of  a.  liquid  oa 
which  it  exerts  a  pressure  of  76  c.  m.  is  called  the  coefBcicnl  of 
absorption.  This  coelficient,  in  almost  every  instance,  dimis- 
ishea  n-ith  the  temperature ;  but,  as  in  tbc  case  of  solida,  tmA 
substance  obeys  a  law  of  it4  own,  which  must  be  detenninsd 
by  expetiroent.  Th«  observed  values  for  several  of  the  belt 
known  gases,  whoa  absorbed  by  water  and  alcohol,  are  given  in 
Cbeniical  Physic*,  TaUe  VII.  With  these  data  we  cm  «asi^ 
calculate  the  quantity  of  any  of  those  gases  which  a  given  vii- 
mne  of  water  or  alcohol  will  absorb,  assuniing  that  the  gu  cxMfe 
on  the  liquid  a  pressure  of  70  c  m.  Moreover,  since  (As  jitirrtlift 
of  a  (/as  ahwrhfd  bg  ^  %"«'  taria  direetly  a»  ike  pnestitn  whdi 
the  gat  txtrU  upon  it,  we  can  cosily  calculate  from  the  first  resak 
the  quantity  absorbed  at  any  {pven  pnssure.  vVj^ain,  it  is  s 
direct  oonsiMiuunoe  of  the  lost  principle,  that  at  a  fixed  tanpeia- 
tute  a  g^ven  mass  of  liquid  will  dissolve  tlie  sam«  voiume  of  gm, 
whatever  may  be  the  pressure,  lastly,  if  a  man  of  liquid  ii 
exposed  to  an  atmosphere  of  ouxed  gases,  it  will  absorb  of  sacii 
the  same  quantity  as  if  this  gas  were  alone  present,  and  enrt- 
ing  on  the  liquid  the  same  pressure  which  falls  to  its  iLut 

*  Bf  ittintlty  of  (^  b  bora  tDMOt  tbr  volotnc  la  cabfa  csatlmrtna  i 
■Mkr  til*  lUntWil  taoiitiaat  of  tcapcntan  mi  pwaiu. 
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in  tiie  atmosphere.  The  amount  dissolved  of  each  gfts  is  easily 
calculated  when  iho  partiiil  prcssuns  and  the  ooefticient  of  ab- 
sorption aio  known.  It  is  thua  Umt  wat«r  absorbs  tlte  oxygen 
and  nitro^i  gaaes  of  our  temstiial  atmosphere;  euid  tho  fact 
that  tliesu  two  gura  are  found  dissolved  in  the  ocoan  tn  very 
diflcreut  proportions  from  those  present  in  the  atiuospbcrv.  in  a 
OODcluftive  proof  that  tho  uir  is  a  mixture,  and  not,  as  vas  for- 
merly auppoBed,  a  chemical  coiiiix>uml. 

5K.  SolnUoa  and  CliemloaJ  CbAiise-  —  There  seems  at  first 
sight  to  bo  a  wide  diU'ereuot!  betwceu  sululion  and  chemical 
change ;  for  while  iti  the  first  the  solid  body  becomi.'s  didiised 
through  the  liquid  mcustruuni  without  losing  its  chemical  tdeu- 
tity  or  destroying  tliat  of  the  liquid,  there  is  iu  tlic  second  a 
complete  idcntiticiUioii  of  the  combituDg  aubsbanous  In  the  re- 
salting  compound. 

The  same  wide  diETerence  appears  also  between  mecliauical 
and  ebemical  aolotion,  which  are  sometimes  confounded  by 
•tudentA,  becaose,  anforUinately,  the  same  term  has  been  ap- 
plied to  both.  Wlien  a  salt  dissolves  in  water,  Uio  dtlTorencts 
between  salt  and  Eolvent  are  preHer\'ed;  but  wlien  uliidk  is 
dissohred  in  hydrochloric  acid,  or  copper  in  nitric  acid,  there  is 
a  complete  merging  at  their  disUnctive  qualities  in  tlie  result- 
ing compound ;  and  the  only  jp-ound  for  caltiug  euch  chemical 
changes  solution  is  tho  fact  that  llio  solution  of  the  resulting 
salt  iu  tlte  watar,  used  as  the  medium  of  the  chemical  cliange,  is 
fretjtieiitly  an  esseiUial  condition  of  the  process. 

But  if,  instead  of  comparing  extreme  eases,  we  study  the 
whole  lange  of  chemical  pheitoineim,  we  sliall  find  that  the  dis- 
dnction  is  by  no  means  so  clearly  marked.  In  many  cases  what 
aeems  to  be  a  simple  solution  can  be  shown  to  be  a  mixed  effect 
at  least  of  solution  and  chemical  combination ;  and  between  tliis 
condition  of  tilings,  where  the  evidence  of  chemical  combination 
is  nnmiftakable,  and  a  simple  solution,  like  that  of  sagar  in 
water,  we  have  every  decree  of  gradation.  To  such  an  extent 
is  this  true,  that  the  facta  seem  to  justify  the  opinion  that  solu- 
tion is  in  ever)-  case  a  chemical  combination  of  the  substances 
dissolved  with  the  solvent,  and  that  il  differs  irom  other  exam- 
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fiM  of  clKmical  chnnge  ouly  in  Ui«  weakness  of  tbe  comfainini 
{(nee. 

Th«  metallic  alloys  afToixt  another  »tnkii^  illastnidoo  of  li» 
Baiue  principle.  '\Vben  iuolt«ii.  tli«7  way  Us  n-yunlcd  as  mIm* 
tions  of  oito  or  mora  mcUds  in  auotber,  bot  in  soihk  cum 
cliemical  aftiniiy  appears  to  come  into  play,  and  vn  suUdtfjrt^ 
they  often  teiui  to  form  detiuite  cbemical  compoouds,  ftnd  Ui 
aAsume  a  detiuito  cryslallioe  fortn. 

60.  Uquid  DiffBBioa-  —  Clowly  connected  with  the  pbenontos 
of  solution  urv  those  of  liquid  diflusion.  These  pbeootnena  in^ 
be  studied  in  thuir  flitnplo«t  form,  \>y  placing  Mx  opeu  vial  dlU 
with  a  solution  of  some  salt  in  «  modi  iMipxr  jar  of  pure  wala^ 
as  sliowu  in  Fi|;.  3.  aiid  so  carefully  anat^ing  tlw  dutmils  <tf  lit 
experitueut  tluiL  the  surfaces  of  tlie  two  liquids  uiny  ba  broimk 
in  contact  witjiout  tuixiiig  tbera  mechanically.  IL  will  tliao  fai 
fotiod  that  Uie  salt  molecules  will  alowly  escape  tnwa  the  nil 

uul  spread  thiuugliout  tJ>e  wIioIb  volaat 
of  the  wateE.  The  rate  of  ibu  diffnigi 
iocreaaeg  with  the  tem|wmt(ire  equally  fa 
all  fiubetancee,  and  Uie  nholo  phmocDeaM 
is  probably  caused  by  that  saiike  inolecvlir 
motion  to  which  we  refer  the  eflfbcta  of 
hitit.  At  bcol,  however,  the  diflTasioo  it 
very  slow,  as  vm  should  expoct,  oonndetiis 
tho  limited  fteedotn  o(  mo'ttun  wUidi  tb 
liquid  molecules  posMiss.  It  ia  found,  alsa 
that  tlie  mte  of  diffusiou  difTen  very  fnvOij 
(at  the  different  soluble  salts;  but  these  may  be  divided  iatD 
groups  of  ei^uidifTtisive  .lubstances,  and  the  rates  of  difTuaiaa  ol 
the  seveml  groups  bear  to  each  other  simple  nuaiertt:^]  lalin 
If  a  mixture  of  salts  be  placed  in  the  Tial.  il  u  Ibund  tlial  the 
presence  of  one  salt  affects  to  some  dt-Rivu  the  difTuaiun  of  iJm 
other ;  but  if  the  di^oreace  of  rate  is  comuJ^mblc.  a  pwtial  m^ 
aiation  may  be  effected,  and  «von  weak  cheuioal 
may  Ik  thus  tlcoom{>oscd. 

61.  CryauUold*  and  Colloids.  — There  is  ft  Tery  gnat  Aiife^ 
eoce  of  diHUsivo  power  bctwwo  the  ordinary  cryataUio* 
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(including  mOGt  of  tlu)  common  ftctds  And  bases)  and  such  sub- 
»uince9  as  gum.  camniel,  gelatine,  «iii)  iilbunicn,  which  an;  in- 
cApuble  of  CTTsUlluung,  and-which  give  insipid  viscid  solutions, 
readilj  forming  into  jelly ;  hence  the  name  ooUoid*,  frotn  KoWif. 
^ue.  The  la«t  clas»  U  di&tingiiUhed  by  a  remarhabtu  shig^'ish- 
ness  and  indisposiiion  to  difi'uaion ;  as  is  tUnntrated  by  tht:  ttiXA, 
that  sugar,  one  of  the  least  diffusible  of  tlia  cryslalloid.',  dirTiiftes 
seven  times  more  mpidly  limn  albumen,  and  fourteen  times  more 
.pidly  than  caramel.  Our  ihwries  irould  lead  us  to  believe 
this  great  difference  of  diflVisire  power  is  caused  by  the  fact 
,t  the  molecideti  of  colloids  are  far  moro  complex  atomic  aggre- 
gates than  tho««  of  crystalloiile,  and  thcrefoie  are  bearier  antl 
move  more  slowly.  Moreover,  the  difTusivo  power  is  only  one 
of  many  cliaractera  which  jKiint  to  n  givat  mol«cu1tur  difFuriince 
betwMD  these  Cn-o  «]a»Ras  of  AubiitaitceA. 

62.  Dlalyal*.  —  The  differenne  of  diffusive  power  between  the 
two  ola&w»  of  comjxiunda  distinguished  in  the  last  section  is  atill 
futtlter  increased  when  the  aqueous  solution  is  separated  from 
the  pure  water  by  some  colloidal  membrane ;  and  upon  this  fact 
Professor  (iraliani  of  Ixmdon,  to  whom  we  owe  our  whole  knowl- 
'«clgc  of  this  subject,  has  based  a  simple  method  of  separating 
crystalloids  from  coUoida,  which  he  calls  dialysis. 

A  shallow  tray  is  pmpiired  by  stretching  parchment  paper 
(which  is  itself  an  insoluble  colloid)  over  on«  aiilc  of  a  gutta- 
percha hoop,  and  holding  it  in  place  by  a  smitewliat  huger  buop 
of  the  same  material.  The  solution  to  be  duilyud  is  iwui'ed  into 
tJiis  tray,  which  is  then  floated  on  pure  water  whose  volume 
aliould  be  eight  or  ten  times  greater  than  that  of  the  solution. 
Under  these  conditions  the  crystalloids  will  diffuse  through  the 
poTOua  septum  into  tlic  wat«r,  leaving  the  colloids  in  the  tray,  and 
tbe  conrs6  of  two  or  three  days  a  more  or  leas  complete  separa- 
tion of  these  two  clii«scs  of  substances  will  have  taken  plttc«. 

In  this  way  arseninits  acids  and  similar  cr^'stalloids  may  be 
Bepamt«d  from  the  colloidal  materials,  with  which,  in  cases  ot 
poisoning,  they  are  frequently  found  mixed  in  the  stomach ;  and 
by  an  application  of  the  same  method  alumina,  ferric  oxide, 
chromic  oxide,  stannic,  melastannic,  titanic,  molybdic,  tungstio, 
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ftDd  silicic  acids  h&rc  nil  been  obtained  disaolred  in  water  in  a 
colloidal  coudiiion.  All  Uiese  substances  usually  exist  in  a  cryu- 
toUina  oondition.  The  colloidal  condition  appeaes  to  be  aa  abnoi> 
tnal  stato,  and  in  almost  all  such  substances  there  is  a  teodeDOjr 
lowardit  llio  crystalloid  totm. 

63.  DUroKton  of  0«a«a.  —  Gftses  diffuse  much  mora  nptdly 
than  licjuitis,  as  we  should  natundly  oxpoct  front  ibe  greater 
freedom  of  motion  which  their  molvcul«»  poiacittL  Moreover,  if 
the  theory  of  the  molecular  condition  of  ipM»  i»  correct,  we  oogltt 
to  be  able  to  culcnlate  Uis  relative  rates  of  diifusion  of  different 
i  gas«8  from  tbfir  rvspoctivo  tuoIoovJar  weights.  If  it  is  true,  u 
Mated  on  pago  17,  that  at  any  given  temperatura 

^tben  it  follows  that 

F:  P  =  ^i  M* :  ^  i  n  =  ^Sp.  Gr/ :  V  Sp.  Gr. 

Henco,  if  two  massn  of  gas  are  in  contact,  the  molccatcs  of 
eitbsr  gas  must  move  iuto  the  ^paoe  Sllcd  by  tin  oUier  with 
velocities  vrhicb  are  inversely  proportional  to  the  square  roots 
of  rfie  pespcclive  specific  gravities.  If  one  gas  is  hydrogen  (Sp. 
Gr.  »  1),  and  the  otiier  oxygen  {Sp.  Gr.  «■  16),  the  molecules  of 
hydroj^n  must  nmve  pa»t  the  section  separating  the  two  masses 
four  times  as  mpidly  as  those  of  oxj-gen;  and  since  all  gas 
molecules  occupy  the  same  volume,  it  follovrs,  f^irthcr,  that  four 
volumes  of  hydrogen  must  enter  the  space  filled  by  the  oxygen, 
while  one  volume  of  osygen  is  pa.<ising  in  the  oppmite  direction. 
IIumeTous  experiments  have  fully  confirmed  this  theoretical  de- 
duction, and  tlie  close  agreement  between  theory  and  experiment 
furnishes  important  evidence  in  favor  of  the  theory  itself.  Such 
experiments  con  bo  mode,  morpm'cr,  with  great  accuracy,  since 
tlte  molecular  motion  is  not  arrost^Ml  by  i-arions  porous  septa, 
which  may  be  used  to  aepoiate  the  two  masses  of  gas.  and  which 
«itirely  prevent  the  pwnge  of  gas  currents  that  might  oclierwk 
vitiate  the  results. 
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BELATTONS  OS  THE  ATOMS  TO  HEAT. 


-.moaphera.  —  The  earth  is  surrounded  hy  an  ocean 

natter  called  the  atmosphere,  and  many  of  the  most 

iiemical   changes  which  we   witness  in  nature   are 

the  reaction  of  this  atmosphere  on  the  substances 

t  surrounds  and  bathes.     The  great  mass  of  the  atmos- 

HiBts  of  the  two  elementaiy  gases,  oxygen  and  nitrogen, 

gether  in  the  proportions  indicated  in  the  following 


Air  edutaLu 

Oxygen, 

Nitrogen, 


8r  vniiuH. 
20.96 
79.04 


100.00 


BjWilght. 

33.185 

76.S15 

100.000 


in'it  the  air  is  a  mixture,  and  not  a  chemical  compound,  ia 
feA  by  the  action  of  solvents  upon  it  (§  58) ;  but,  neverthe- 
the  analyses  of  air  collected  iu  different  countries  and  at 
rurent  heights  in  the  atmosphere  show  a  remarkable  con- 
tucy  in  its  composition.  Besides  these  two  gases,  which  make 
^  over  93  per  cent  of  its  whole  mass,  the  air  always  contains 
.oriable  quantities  of  aqueous  vapor,  carbonic  dioxide,  and  am- 
lOonia,  and  sometimes  also  traces  of  various  other  gases  and 
vqwrs. 

66.  BiunliiB.  —  Of  the  two  chief  constituents  of  the  atmos- 

,   |dieie,  nitrogen  gas  is  a  very  inert  substAnce,  and  serves  chiefly 

'  to  natnin  its  toore  enei^etic  associate.      Oxygen  gas,  on  the 

other  hand,  is  endowed  with  highly  active  affinities,  and  tends 

to  enter  into  combination  with  other  elementary  substances,  and 

^irith  many  compounds  which  are  not  already  saturated  with 

this  all-perrading  element    Many  of  these  substances,  such  as 
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phosphorus,  aulphtir,  pctrolciun,  coal,  aod  vood,  have  such  a 
strong  affinity  fur  oxygen,  tb&t  under  rortoia  con<lilion8  tiurf 
will  absorb  it  from  Uic  atmo^jtlicrc,  and  combine  wiUi  it  nndec 
the  evolution  of  heat  and  light.  These  suUtauoiia  are  said  l« 
be  combustible,  and^  the  process  of  combination  is  called  ooto* 
bustion.  Moreover,  all  bumtug  with  which  we  are  familiar  in 
cumnion  life  coD»isbi  in  th«  iiotou  of  thti  biuning  body  with  the 
oxygen  of  tlw  air.  The  cUcmicul  process  in  these  cases  may  be 
expressed,  like  any  other  cheuiicnl  reactica^  in  the  form  of  m 
et^tiation. 

Bantiitg  of  fftfjroffen  da*. 

Bttmiig  of  Ctr^-  (darf/iiit^ 

OiWk     ^   _C«i>»H  MUfJrtfc  ,       . 

C  +  <S>^=i^h,  [61] 

Buraiaff  of  BtmoL 

Burning  tf  AUahoL 

Bunting  of  Sulpl'mr. 

Btmiag  tf  Pkaphorw. 

Burning  of  ifngamtm. 

The  four  subatanoea,  hydrogen  gas,  chuood,  benzol,  and  < 
]iol,  may  be  regarded  n»  typos  of  our  o/dinary  combustibles ;  ud, 
u  Uie  first  four  reactions  sitow,  the  products  of  tlieir  combostiaB 
are  all  oerifonn.  Moreover,  these  products  are  wholly  devoid 
of  any  sensible  iiualities,  and  hence  the  apparent  aninhilaUon  cf 
the  burning  substance,  and  the  nasoQ  that  for  m  long  a  period 
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nature  of  the  ppoceia  remained  undiscovered.  That  theae 
ities  of  the  products  of  ordinftry  combustion  are  not  necessary 
oonditiona  of  ibc  process,  but  rcninrkable  adftptations  iu  tha 
properties  of  those  combustibles  ftliich  arc  our  aniflciul  sources 
of  light  and  hcitt,  is  nhovn  by  the  fact,  that  in  the  last  two  n>- 
actions  tjie  products  of  the  conibuittioii  are  aolids,  while  in  [54] 
le  product  i^  a  noxloufi  auffoc-ating  gas. 

A  care^il  inspection  of  tlie  reactions  will  also  teach  the  stu- 
,t  8ftver.il  oUier  important  facts  in  regard  to  the  processes  here 
ented.  It  will  he  seen  that  in  the  burning  of  hydrogen 
two  volumes  of  hydrogen  gas  and  one  volume  of  oxygen  gas 
mbine  to  form  two  volumes  of  aqueous  vapor.  It  will  furtliur 
noticed  that  in  the  burning  of  cnrlion  and  of  siilpliur  a  given 
iluinc  of  oxygen  gna  yields  in  each  case  its  own  volume  of  the 
inform  product.  The  carbon  in  the  one  case,  and  the  sulphur 
in  the  other,  are  al)Borbed,  aa  it  were,  by  the  gas,  without  any  in- 
on^ase  of  volume.  Further,  if  the  experiments  ore  made,  which 
these  reactions  represent,  it  will  appear  tliat,  in  all  those  cases 
here  the  combustible  is  represented  as  a  gas,  the  combustion  ift 
oompaniwl  by  flame,  while  in  the  case  of  tarbon,  which  is  a 
fixed  solid,  then;  is  no  proper  flame.  Ileoce  we  learn  that  Same 
is  burning  ga-s,  and  that  only  those  sabstances  burn  with  Hame 
which  are  eitJier  gases  themselves,  or  which,  at  a  high  tempera- 
ture, become  volatilised,  or  gencmte  combustible  vapors.  Still 
other  important  facia  connected  with  the  process  of  combustion 
will  be  learned  by  solWug  the  following  problems,  according  to 
J      ^the  rules  already  given  (§§  25  and  26). 

H  PROBLEMS. 

^g      1.  How  many  cubic  centimotT«B  of  hydrogen  gw,  and  how  many  of 

oxy^n  gM,  an  required  to  form  one  cubkc  centini^tre  of  liquid  water  I  * 

_^  An*.  1,240  cm.'  of  hydngeu  gas,  and  620  cTmt*  of  oxygen  gaa. 

^1       3.  How  many  cubic  metres  of  air  arc  roquinxl  to  hum  448  kilo- 

B  gnunmea  of  coal,  assuming  that  tho  cnnl  !■  puro  r-ntbon  1 

B       Ana.  833.333  in.'of  oxygen  gns,  or  3,975.83  m.*of  atmospTioHeali: 

1^  "  Uerf,  u  io  all  othfr  prnTiIiTii*  througboat  thfi  ImoIc,  U  u  nndcntaod,  nnlMi 
etlwrwua  cipTFulv  ataUil.  tlial  tti«  Rii<»amnenu  aoil  wrifthu  *ra  ill  token  at  tha 
■tawianl  Um|>frtttuT«  uid  prcmra.     (Campm  |f  II  and  14.] 


^1 


158  HEAT  or  COMBUSTION.  [f« 

3,  How  imnv  oibic  motms  of  catlwDic  dioxid?  are  formed  W  ibt 
buraing  of  1,000  kilogruumea  of  CCtl,  saaumutg,  u  befon,  tiwt  tte 
cot)  ui  pan  cwbon  I  Atu.  1 ,860  li.' 

4.  How  mBnj  tfttm  of  carbonic  dioxide,  and  how  amnj  nt  at^aem 
vapor,  would  bo  fi>nii«ct  by  faomiBg  one  litre  of  b«nzol  vnpor  I 

Ann   Simpta  inspection  of  thn  eqtution  shows  tbiit  6  litre*  of  tfe 
6rat  snd  3  litres  of  tbc  Moond  would  bo  fortaod. 

B,  How  tnuiy  litrt«  of  arbonic  dioxide,  and  liow  niuiy  '>f  ^tpt- 

'^div  vi^r,  woidd  bo  formed  b^  bonii&g  one  litre  of  liquid  ikobtl 

{Ctf^*0)^    .S>..  ffr.  of  Hqnid  «t  0°  =  0.815. 

Ads.  One  htn  of  alcohol  weighs  816  gnmiaasi  or  9,097  crith<;  nd 

sine*  the  Sp.  Gr.  of  alcohol  vepor  is  23,  this  quantily  of 

lii^uid  would  yield  395.6  litres  of  vapor.     Hence  U>i>tu  wvnU 

liti  formed  2x395.6  =  791.3  Utret  of  carbouio  diuxiii«,  ami 

3  X  395.6  =  1,18G.8  ttlree  of  aqsaaus  vapor. 

G6.  Be«t  of  Combustion.  —  Th«  reactions  of  the  last  itecUoii 
n>pres«tit  only  the  diemical  changes  in  the  processea  of  burnuig 
The  phj-sical  cffoett  which  Mcompany  tli«  clvcmical  cbangce  our 
eqnationa  do  not  indicate,  but  it  U  these  remarkaMf!  matutota- 
tions  of  power  which  chi«fly  anvHt  tli«  stndent's  attcntkm,  and 
on  this  power  the  importance  of  the  prooesses  of  combustioo  ts 
gonrccs  of  Ireat  and  light  wholly  depends. 

The  immedifttfi  canse  of  the  power  developed  in  tlip  pro^Mfl 
of  combustion  is  to  be  found  in  the  clashing  of  naterial  auiV 
TTrged  by  that  imtoensely  powerful  attmctivfl  force  wo  flail 
chemiral  affinity,  the  molecules  of  oxvff^n  in  Uie  immediatt^r 
surrounding  atmosphere  Tush,  from  oU  directions  and  with  a 
very  great  velocity,  upon  tlie  burning  body.  The  moleealM 
of  oxygon  thus  acquire  an  enormoiu  mo\-ing  power ;  and  wbeB, 
at  the  moment  of  chemical  onion,  the  onward  motion  is  u- 
restvd.  Uiis  moving  power  is  diRtributed  among  tlie  surrounding 
molecule*,  and  is  manifeet^  in  the  phenomena  of  beat  and 
liglit*    (Compare  5 13.) 

*  A«oardiiig  to  ear  1»al  knowltdgt,  llin  phenainMia  «f  light  in  nMsalj 
iMiilTwIittm  cf  tb*  nnw  aiotcculu'  idoUod  wUkh  caaMs  tfaa  pU  niiwuiis  of 
Wlun  we  ^Msk  of  Ui«  •aaonnt  of  teat  produced,  w>  rAt  alvaja  to  ttw 
sBManlef  aeUenlu  notion  i  iltlioufh,  enn  in  tlu  mest  btilUaM 
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quanti^  of  heat  evolved  duiiug  combustion  VArics  very 

with  the  oature  of  the  combustible  employed,  but  it  is 

iwtyB  constant  for  the  same  combustible  if  Imrut  under  tbe 

conditions,  and  is  exactly  proportional  to  tho  weight  of 

bnstiblo  coDsuni«d.     We  give  in  the  following  table  the 

oDt  of  beat  evolved  by  one  kilogramme  of  several  of  the 

it  common  combustibles  when  they  are  burnt  in  oxygen 

in  their  ordiuaiy  physical  atata.     The  numbers  repteseut 

is  called  the  calorific  power  of  the  combustible.    With 

iption   of  the   last   two,  which  are  only  approximate 

aeceasarily  varying  with  the  difTci'ent  varieties  of  tliose 

lustibles,  the  vnluea  are  deduced  from  the  very  accumt« 

imenta  made  by  Favre  and  Silbcruiaun. 


■ 


Calor\tU  Potoer  <^  CominutHAtt.* 


CdIW. 

Call* 

Hydrogen, 

34,462 

Sulphur,                       2.221 

Uanb  Qas, 

13.063 

Wood  Cbaraool,            8,080 

OlefiantOaa, 

11.858 

Carbonic  OxiJe,            2,100 

feUier, 

9.027 

Drj'  Wood,        (aboul)  3,fln4 

Alcohol, 

7,18* 

Bituminon*  Cool,  "       7,500 

The  calorific  power  of  our  ordinary  hydrocarbon  fuels  may 
calculated  approximately  when  their  composition  is  known, 
[ost  of  these  combustibles  contain  more  or  less  oxygen,  and  it 
is  found  that  Uie  amount  of  heat  develo[)cd  by  the  perfect  oom- 
biLstion  of  the  fuel  it*  equal  to  tliat  which  would  be  produced  by 
tlio  perfect  comUiation  of  all  the  carbon,  and  of  so  much  of  the 
bydrogen  as  ts  in  excess  of  that  required  to  fonn  water  with  the 
oxygen  present  The  rest  of  the  hydrogen  may  be  regarded,  so 
far  as  relates  to  the  present  problem,  as  in  combination  with  oxy- 
gen in  the  state  of  water ;  and  in  estimating  tlie  available  heat 

|L«  UMnint  «f  lii*o1iiinlni1  pow  niLairoitRl  bs  li^t  appcon  to  be  inmnddaNlile 
M  Tompirad  with  Uwt  vlikh  talu*  tho  (iiiln  of  boat. 

*  It  ronit  b*  wretull]'  aoVA  Omt  the  vaJur«  la  th!i  Ubl«  ^ra  in  weh  cmt 
tkn  (aloriSc  povtr  of  on«  kilogrammuof  th*  cnoibuBtiUit  uid  ilo  nol  Uiercroi* 

rich  tho  vfttuci  girot  rur(h«r  on,  vlikh.  tiioii^  deduMd  &om  tbe  i 
Ul  tUt^  txt  cdculiUcd  EUi  ft  diSercat  bwu. 
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prodaood,  we  moBtdedtictthB  amount  of  h«at  required  to  ooDHn 
not  ooiy  this  water  into  steum,  hat  ftlso  uny  livgrusoojHe  vatar 
which  may  be  present,  Moiwovor,  if  we  use  in  our  colculatiai 
the  ralue  of  tJie  calorilic  power  of  hydrogen  givcD  in  tbu  table  <n 
page  159,  we  must  also  dvdact  the  amountof  tuiat  ret^uired  to  tmt- 
vert  into  vapor  all  th«  water  formed  in  the  process  of  bunatBft 
bocBosc,  in  the  cjcpcrimontA  by  which  this  value  was  obuiiwl 
Uie  aqueous  vapor  formed  was  sabeaquently  condenaed  to 
and  gave  out  its  Intent  heat 

FBOBLEM. 

Given  the  ftverage  compositkm  of  air^iried  wood  lui  in  tha  tiUi^ 
to  Gnd  the  caloH£c  pow«r. 


C*rhon,  400 

HydrogMi,  4S 

Oxygon,  828 

Nitrogen  and  Ash,      34 
Hygtwwpic  Wat«r,  200 
1000 


From  Uie  reaulta  of  analysia  we  euily  dcdon 

QiuinLiCy  ot  ffiti  coubinatiou  with  0,      II 

"         "       BvwlaWo  an  UwH,  I 

Quanti^  of  wati>r  fomed  by  buming  )    .« 

4$  part*  of  hyilrogen,  / 

RygroLiaopla  Wntcr,  SOO 

Total  quantity  of  watur  evapOTated,    633 

vaiHtrttat. 

400  gtamtnca  of  carbon  yield 5,2S3 

7      "        "    Iiydrogen  yield S4l 

a^ 

Deduct  ain<>unl  of  heat  roquimd  to  eonvoit  632  gramnws  of 

wnUr  into  ™i)[ir(iw«513) 3S) 

Calorific  pownr  of  aiKlriod  wood MH 

From  the  mechanical  ciiuii-aluDt  of  heat  given  on  page  18.  and 
from  the  data  of  the  above  tabic,  n:e  can  rasily  calculate  the  me- 
chanical power  developed  in  onlinury  coiubustion  ;  and  On  stu- 
dent will  bo  surprised  to  find  how  great  Uiis  power  is.  Hm 
burning  of  one  kilo^mme  of  cliarooal  produces  nn  ami 
heat  wiiivh  is  oquiv^ent  to  8,080x433  =  3,417,840  kilogni 
metres ;  that  is,  the  moxnng  power  which  ia  developed  by  the 
oluhiiig  of  the  atoms  during  the  combnation  of  Itua  amal)  aaoust 
otcool  is  I'qual  to  that  which  would  be  produced  by  the  fall  oft 
mass  of  rock  wcigliiug  8.080  kUogramnies  over  a  precipice  43S 
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metre*  liigb ;  and  could  tJiis  power  be  all  utilized,  it  would  bo 
«ul«|U)ilu  to  niao  the  aame  wei},'lit  to  the  eatoe  lieigbt,  or  to  do 
Miy  otlier  equivalent  amount  c^  wtnk.  Tbe  steam-engine  is  a 
nufibine  for  applying  tbid  very  power  to  produce  mechanical 
results ;  but.  ut)l'ortiiiiaU.'ly,  in  tbe  best  ttuginvs  wo  du  not  utilize 
much  more  than  one  twvulivtLi  of  tbg  powtr  of  the  fncl ;  and  to 
find  a  iiii.iru  ucunomioul  means  of  (.■onvcning  beat  into  mcclianical 
sflfict  is  one  vf  ih«  great  problem!)  of  tbe  present  age. 

67.  Caiortflo  luunsiiT.  —  The  caloriJic  intensity  of  fuel  ia  to 
be  cart-fiilly  iliatinguifllied  from  its  caloriRc  power.  By  mtorifie 
povMT  i-1  nieatity  oa  we  have  seen,  the  total  quantity  of  hiint  de- 
veloped by  tlie  combustiim  of  a  given  amount  of  fiicL  By  eaio' 
rific  intensitif  we  mean  tbe  maximum  temperature  developed  in 
the  process, of  combustion.  I'rovided  Uie  products  me  the  same, 
the  total  amount  of  heat  produced  in  any  case  is  not  influeuaxl 
by  tbe  mpidity  of  tlie  process ;  but  it  is  evident  that  the  t«m> 
pcraturo  uf  tiic  burning  fuel  will  depend,  utiier  tbiu^-s  being 
equal,  un  the  mpidity  with  which  Uic  hcut  is  devulopod  as  com- 
puru]  with  ihf  rapidity  with  which  it  is  diwipated  tliruu^h  sur- 
rounding bodies ;  aud  when  the  combination  with  oxygeu  is  veiy 
slow,  the  heat  may  be  dissipated  as  fast  as  it  is  gvnerati'd.  and 
then  the  leraperoture  of  tbe  burning  body  will  not  Hse  above 
tbat  of  the  surrouuding  atmn^Iiere,  a.)  is  the  case  in  many  of 
tho  processes  of  »1ow  combiiatiou. 

Assuming,  however,  that  all  the  hp«t  is  retained  by  the  pro- 
ducts of  combustion,  we  can  calcuhite  tJio  mnxiinutn  tt-niporaturo 
which  can  in  any  case  he  produced,  provided  the  calorific  power 
of  the  fuel  and  the  specific  heat  of  the  piodocta  of  enmliustion 
are  known,  Tlie  calorilic  intensity  is  simply  the  temperature  to 
which  the  Jifat  (^eciirated  by  the  burning  of  each  portion  of  tho 
fuel  can  ntise  the  products  of  its  own  combustion.  Assume  tbat 
Uio  quantity  burnt  is  one  kilogramme,  that  the  calorific  power 
or  numl<«r  of  units  of  beat  pruiluccd  is  C,  that  the  weights  of 
tbe  varioua  products  of  combustion  are  If',  W,  If",  etc.,  and 
that  the  specific  beats  of  these  prodacts  are  S,  S',  S",  etc  Then 
WS  +  irVS"  +  W"S"  +  etc  representa  the  amount  of  hwit  rc- 
qoiied  to  raise  the  temperature  of  the  whole  mass  of  the  products 
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ODc  centigntdc  decree  {§  IT),  and  the  maximom  temperMure  to 
which  UiiMC  iiroducU  can  i»  raised  in  the  ptooess  of  comLMuiUfa! 


miut  be 


T= 


tfi^n^^-^i^^ 


t«l 


PROBLEMS. 

1.  Fiiicl  th«  eoloriik  intenaity  of  chatcoal  burnt  in  pan  oxygm,  od 
flw  in  air  uadot  consUut  >liiiciH{ilii.-ho  itnvsun^ 

•So/irfum.  Itjr  [51]  wc  ouilj-  lui'l  tha;  vwh  kilograninw  of  cuixa 
yicldu,  by  bunung,  3.67  kilogrnnitim  of  caibouic  dicucid^  whji;^  k 
thu  mlu  product  of  iU  tmoibiutioD  vrhcji  iHinit  in  puiv  oxygun.  n* 
■pt^cilic  lioatof  coibouic  (lioxide  (ChL-ni.  Phys.  235)  is  0.SI64.  Hw 
calorific  powtsr  of  cban»al  ia  8,080.  Bj  sulwlilutti^  ibtm  TalaM-ia 
t57jw<'g«?'=lCi,174°. 

AVliGR  the  clinicoal  biinu  in  air,  the  3.87  kilognuQiDM  of  taAxnot 
dioxide  furnicl  by  th<:  coiii1»i>tii>n  an  mixnt  triih  a  liuy»  iiau  oT 
inert  uit)iog«D,  whicli  must  be  tegan]«d  u  ooe  of  tlie  |>rodiii:U  of  tit 
eombiMtiou.  The  weight  of  tim  oilragm  U  ouily  aluulabcd  tmm  tlw 
luMwn  ooDipoiiiiJoii  of  air  by  wci^^ht  {}  64)  Uul  frotu  tho  miwail  of 
ozjgDD  muDmeil  id  the  pnicna. 

"  23.5 : 76.8  =  2.«7:*!  or  »=2.67  X  3.51  =8.84, 

Wo  have  now,  bwidu  Oic  tbIui-m  given  above.  If'  =  6.8*  aad  jS*. 
the  Bprcific  heal  of  nitrogen,  c^ii»l  to  0.2H.    Whetioc  T'  =  2,738*. 

5.  Ftod  th«  oilorilic  inl«natty  of  liydrogan  gu  burnt  in  oxygra  tai 
burnt  ill  air. 

Stttaio*.  One  kilogranmo  of  hydnoigeu  yields  9  kilojicrTunnMe  (f 
aqueotiB  repor.  Tlie  specific  li«\t  of  mjueous  vapor  is  0.48ii5.  Th» 
colori&c  power  of  hyilnipJii  \a  not  so  grvul  when  llio  ga»  U  bunil  nniUi 
ordinary  condition!  m  ttiiit  given  in  the  table  on  jxi^  159  ;  for  is  ibn 
axpurimcnU  of  Fnv»«  and  8ilU>nii3nn  tho  vapor  fomiod  by  i\\o  am- 
bintion  wa»  8ubee()uently  conditniwil  to  water,  and  gave  oat  ila  btrtrt 
bwit,  whilu  in  a  burning  Hanio  of  hyrlnj^rn  no  mich  <^ondcIIXlltioB  lak™ 
place.  Ilenoe  C=  31,402  -  (537  X  »)  =  29.62t".  We  .il«-  hm 
IT  =  9  aiKl  5  =  0. 180.    When**  T  ss  8,853". 

When  hydrogen  I«  burnt  tn  air,  the  Ditro^s,  tnixwl  wHli  tit 
aqneoaa  vapor,  weigh*  56.49  kiloj^iniBcs,  and  5*  ia  tbo  aamo  m  in 
tho  imvioua  proUeu.     WhcoM  T'  a  2,746''. 
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It  appears  then  from  these  problems,  that,  althoush  the  e«lo- 
rific  power  of  hydnigen  ia  much  jjreater  than  that  of  oiirbon,  iU 
calorific  intensity  13  less.  But  it  must  be  remembered  that  the 
conditions  a^umed  ill  these  problems  aro  never  ivuliUNl  in  pmc- 

»tic6,  for  the  heat  gcnerutt^l  by  tbu  coinbu^tiou  i»  tiuvcr  wholly 
retained  in  the  products.    The  proofs  of  combustion  requires  a 

certain  time,  and  during  this  tJiDP  a  portion  of  the  beat  escapea. 

Moreover,  more  air  passes  through  tbo  conibnstiMe  than  ia  re- 
Bquired  for  perfect  combustion,  and  many  of  the  data  which  enter 

into  the  calculation  are  uncertain.     The  resulta,  therefore,  can 

only  be  regarded  as  approximate.  The  theoretical  conditions  are 
Biiuist  nearly  realized  in  a  gas  Unme,  and  especially  iti  that  form 

of  burner  known  as  the  Bunseu  lamp.     The  temperature  of  the 

flame  of  this  Ump,  when  carefully  n^ulated,  is  vary  nearly  that 

which  the  theory  would  asai^. 

»68.  Polat  o*  IgDiUoa.  —  In  order  that  a  combustible  body 
should  lake  firo.  and  continue  burning  in  the  atmosphere,  it 
muHt  be  heated  to  n  certain  [ctn]»)rature,  and  maintained  at  this 
temperature.    Thia  temperature  is  railed  iho  point  of  i^ition  -, 

»lind  although  it  cannot  alway.'t  be  aocuratntly  nirasurcd,  and  is 
un<iouhtedly  more  or  leH.1  variable  under  different  conditions, 
yet,  nevertheless,  it  is  tolerably  constant  for  each  anbstancfi. 
For  different  suhstances  it  difTers  very  greatly.  Thus  phospho- 
rus takes  6re  below  the  bojling-poinf  of  water,  sulphur  at  2C0*, 
wood  at  n  low  red  maty  anthracite  coal  only  at  a  fidl  red  hcat^ 
wliile  iron  requires  the  highest  temperature  of  a  forj^  If  a 
burning  body  is  cooled  below  its  point  of  ignition,  it  goes  out ; 
and  our  onlinarj'  combustibles  continue  burning  in  the  nir  only 
because  the  heat  evoUcd  hy  the  burning  maintains  the  tempem- 
ture  above  the  required  point.  If  the  temperature  of  the  com- 
bustible is  not  maintained  aufTidently  higit,  either  because  the 
chemical  union  is  too  slow,  or  because  the  caloriSc  power  ia  too 
small,  then  the  combusUblo  will  not  continue  to  bum  in  the  air 
of  itself,  although  it  may  bum  most  readily  if  ita  temperature  ia 
snstajnod  by  artiflcial  mean^.  Hence  many  of  the  metals  which 
will  not  hum  in  the  air  tnira  readily  in  the  Hume  of  u  blowpipe, 
and  an  iron  watcli^spiiag  bums  lilce  a  match  in  on  atJnosphvre  of 
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para  taygea.  The  calurlSo  iuMitsity  of  «U  ovmbiistibles  when 
burnt  ID  the  atmospb«ro  is,  as  we  have  eoeu,  greatly  ledaoed  b^ 
Uio  proiieaoo  of  ni;ro^ii ;  and  hence  it  is  llM,  ultbou^b  the 
burniiij;  wtttcb-spriiig  i:S  maiiitaitieil  above  Ute  poinb  of 
in  paw  oxygUD,  it  sooa  tails  below  this  tei»jn;t«turo,  und 
out  wbeu  ignited  ia  the  air.  Thua  it  is  that  Ute  uitrugen  of  mt 
•tmosphere  exerta  a  most  iiaportanC  influence  on  tlie  aettoa  ill 
tlie  lira  element ;  and  it  cou  easily  be  seen  tltat,  were  it  not  for 
these  provisions  in  the  constitution  of  nature,  by  which  Uia 
active  energies  of  oxygen  ora  kopt  within  certain  liiutts,  no 
combuatible  material  could  exist  ou  the  Kurface  of  tbe  earth. 
69.  Caloirifio  Powet  dorivvd  from  tb9  Sua.  —  Tbe  gnat  num 
of  the  crust  of  our  glol>e  consists  of  aaturated  oxygen  contpoundta 
01'.  in  oilier  words,  of  burnt  materials ;  and  tlie  total  ainounfc^^l 
combustible  ntatenals  which  exists  on  its  surCoce  is  ontnpanitiv^ 
very  »nalL  That  whioh  exists  naturally  consists  aliuost  entirely 
of  carbon  and  its  compounds,  such  aa  coal,  napbtlia,  and  wood; 
and  all  these  substances  are  the  results  of  otgaiiic  growth,  either 
of  tbe  preaent  a^o  or  nf  earlier  geolof^cal  epochs,  MoreoTer. 
wbatever  subsequent  cbonifc^  the  matenal  may  have  undeTgWN^ 
it  was  bU  originally  prepared  by  the  plant  from  tbe  carbooie 
dioxide  and  water  of  our  ntmOMphere;  fur,  in  the  economy  of 
nature,  these  ]iroducts  uf  combustion  have  been  n»de  Che  food 
of  the  vegctAble  world.  Tlie  sun's  raya,  acting  on  the  graan  leaves 
of  the  plant,  exert  a  niyst«rioii3  power,  which  dvrompasea  nu^ 
bonie  dioxide,  and  periiaps  also  water ;  and,  as  the  result  of  thv 
process,  oxy^n  is  returned  to  the  atmosphere,  while  carbon  awl 
liydn>^'cn  are  ston>d  up  in  the  growing  tissues  of  the  plant.  Tht 
sun  thus  nndoes  the  work  of  combustion,  and  paru  the  atuM 
which  the  chemical  aiBuities  bad  drawn  toother.  In  doing:  this, 
tlte  sun  exerts  an  enormuus  power,  and  the  work  which  it  thus 
accomplices  is  the  piucii^e  measure  of  tbe  calorific  power  nf  ibe 
combostiUe  material  which  it  tlien  prepunui.  AVben  we  wind  of 
tilt  wei^tof  a  cluck,  wo  exert  A  Curtain  power  which  reappears  in 
its  subsequent  motions ;  and  so^  wjien  the  sun's  mys  have  parted 
these  atoms,  tbe  great  jtowKT  it  exerte  is  again  called  idLo  sctiDii, 
when  in  the  prooees  of  combustion  the  atoms  reunite.  Moreover, 
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■what  i»  true  of  wlorifio  power  is  trm  of  nil  manifwlntions  of 
power  on  the  surface  of  the  eaith.  Every  form  of  motion  is 
sustained  hy  the  running  down  of  some  weight  which  the  sun 
haa  wound  up ;  and,  according  to  the  best  thenry  we  can  form, 
tlio  Bun'a  power  itwlf  i»  siisUuned  by  the  gradual  fnlliiig  of  the 
whole  man  of  Uie  solar  system  towarda  ita  common  ccntn. 
Howerer  vBiying  in  its  maaifcutatjon,  all  power  in  ita  essence 
is  tha  tame,  and  the  total  amount  of  power  in  the  univcne  is 
oonscaaL 

This  great  genemliTation,  which  ia  now  regarded  as  a  funda- 
mental principle  of  physical  acicnce,  ia  called  the  Consen-ation 
of  Energy.  It  is,  without  doubt,  the  correlative  of  the  equally 
important  principle  which  wo  hnvc  already  discussed,  that  the 
weight  of  matter  remains  invariable,  however  great  tlie  physical 
or  chemical  changes  it  undergoes ;  and  Uiis  lost  principle,  which 
implicitly  underlies  all  chemical  reasoning,  we  have  already 
elsewhere  named  the  Conservatioa  of  Mass. 

THERM0-CireMI8TRY. 

70.  Beat  of  Cbemioal  AoUon.  — The  heat  of  oombastion  ia 
only  a  striking  manifestation  of  a  vory  general  principle,  which 
holds  true  in  all  chemical  changes.  It  would  appear  that  when- 
ever, in  a  chemical  reaction,  atoms  or  molecules  are  drawn  to- 
gether by  thtiir  mutual  affinities,  a  ccrtiiin  amount  of  moving 
power  is  developed,  which  takes  the  fonu  of  lieut ;  and  whcn- 
',  on  the  other  hand,  Uieso  same  atoms  or  molecules  ai«  drawn 
,n  by  Uie  action  of  some  superior  force,  the  some  amount  of 
moving  power  is  expended,  and  heat  di.tap{>car9.  Every  chemical 
reaction  is  a  mixed  effect  of  such  oombinations  and  decomposi- 
tions ;  and  when  the  effect  of  each  analysis  and  synthesis  is  known, 
ib  is  possible  to  calculate  what  must  be,  in  any  case,  the  total 
thermal  result  During  the  last  ten  years  tbere  has  been  accu- 
mulated ft  very  large  mass  of  experimental  data  on  which  such 
calculations  caa  be  based,  and  thus  haa  arisen  a  new  depart- 
ment in  tlte  seieiioo  of  chcmiHtr>'  which  has  been  called  Thermo- 
Choinistr>-.  The  t:i;n«ml  pri»ciph4  of  this  subject  may  be  summed 
tip  in  the  two  following  propoaitJous  :  — 
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First  Wlienever  a  syRtem  of  bodies  undergow  chemical  or 
physical  changes,  and  passes  into  another  cooditdoD,  vrhatever 
may  have  Ixreu  the  nature  or  8Ufc«ssiou  of  the  chanties,  the 
quuniity  oj'  heat  vvolriMl  or  absorbud  dvpcnds  solely  on  the  ini- 
tial and  finnt  coudiUons  of  tlie  system,  provided  do  uObct  hu 
been  produced  on  bodies  outside. 

Second.  Ill  any  reaction  betwcco  a  system  of  bodies  not  acted 
upon  by  external  agents,  Uiii  tendency  is  towards  that  condilioa 
and  those  products  which  will  result  in  the  greatest  evolatioD 
of  heat. 

In  thB  invoattgations  of  thermo^hemifltry,  thwo  princifde 
thenaelvw  tiiidRr  no  niuiy  uiiexpecti-'il  uud  tiufpminj^'  phases, 
twcoiDi^ji  itnjxirtant  to  kUiU)  the  foDowiiiff  HuborUiiiat«  piupOMitioo^ 
although  they  nra  nil  din^  diidii'^innit  frnm  thi:  gutienl  principles  jaat 
statod  ;  and,  itidood,  ttiMo  general  principles  aro  inchiilod  tinder  that 
still  widi^r  genoraliifttiuD,  the  cougerration  of  on«Tgy. 

1.  Tlie  h*at  aliwrheil  in  iho  dotom position  of  a  compound  is 
to  lh«  hvut  i-volved  in  its  formution,  jimvidi'd  tho  initial  and  the 
StahM  aro  Iho  mmo.  In  thn  rnw  of  wood,  fbr  Dxamplp.  t}i«  p^)1llKtl 
of  its  comlnHtion  an  tho  food  of  tbc  growiDK  i^aiit,  and  benoe,  aiiiM 
tho  initial  and  final  states  ara  tho  ume,  we  aro  juUifitd  in  the  conch- 
sicin  prnvioHNly  9iUt«d,  that  tho  heat  absorbed  in  the  prooeas  of  vcga- 
table  gr»wtb  La  equal  to  th«  arooniit  evolved  during  tho  btuning  of  I 
result  iD|i;  wood. 

2.  Tlw  bcot  evolved  i»  a  serinit  of  micccariTa  chemical  change* ' 
equal  to  tho  mim  of  l)ie  ijuuntitics  which  wotdd  bo  erolved  in  aadl 
anporatcly,  I)^)^'i•lnl  tho  final  conditions  arc  tho  sanM  Uenco  il  is 
that,  when  a  compound  cannot  be  formed  by  llie  direct  union  of  its 
dements,  we  can  determine  the  heit  of  combination,  as  It  U  eallod,  liy 
neosoring  the  caloriBo  elTvctd  in  lh«  several  slagnt  of  the  indirect  pr» 
eemes  by  which  tliey  are  prvgiaried. 

3.  In  any  Mriiw  of  chemical  changi^  wlien  tbn  initial  and  Bnal  OOB- 
ditlons  ars  Ute  nmo,  the  total  thermal  edbct  is  the  same,  however  diHor 
«ni  tiM  proorswM  by  which  the  result  may  bs  raacbed.  Henea,  wh«« 
the  Ibrnual  efiiect  of  a  ipven  cbonucal  roaction  oaaRot  ha  dhvettf 
neasaied,  wo  can  oAi-n  r»*cli  tbu  nault  indinxtly  in  tba  faUown^c 
way.  We  arnuific  Iwn  svitt^niii  of  mictiuiiH.  Iiolh  of  which  bsfnn  whh 
the  Mine  fiKtora  ia  the  samo  conditaoiM,  and  end  witli  the  same  pm- 
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dnct«  io  tlitt  mmo  candmoiu.  In  one  of  tbeae  aenun  of  rcaotiniLi  tliere 
iDiul  bo  QO  ixnouiii  vrltunu  thenual  nxiull,  if  uot  altvuil)'  kiuiwii,  cftnnot 
be  JDoasunxi  wiUi  th«  ailoriuclur.  Iri  llie  oUier  Morica  tli«  clivmicsl 
coubiualion,  or  decompositiou,  vligso  tlinnnol  oUbct  w  are  invMligat- 
iiig,  euUin  aa  an  unknown  tcno,  tlie  effsct  of  ibo  olhar  ciiomical  chiuigM 
involved  b«ing  known  or  capablp  of  meosurenieut,  aa  in  l!ie  liwl  seriea. 
It  foUow*  now,  from  ihe  piineiijle  w«  are  dUcua&iiii;,  tlml,  if  »'u  huI^ 
tnct  tha  sum  of  tbo  ([uontilies  uicoaitKd  iu  the  jmound  si^rita  from  llitt 
mm  of  thoso  tnmjuiiml  iti  titu  £ir»t  oeriea,  We  iihall  hnve  the  rnlue  of 
tite  unknown  quantity.  Ad  oxcollont  exumplQ  of  tliia  mvtiiod  will  b« 
jven  on  page  172. 

4.  Till!  difference  between  the  quantitios  of  heat  evolved  in  two  aeries 
cliauifiw,  aliirliug  frum  two  different  states  but  ending  iu  the  tiam« 

finiU  atutc,  i*  et|UAl  tu  tliut  evi^ved  or  ftbaurbvd  in  (luwiuK  from  una 
initial  condition  to  tlio  otbut;  or,  uouveni'ly,  t)io  dilluivniM!  between 
tbe  qutncitiea  of  boat  ovolrcd  in  two  Kri«s  of  uhnngca,  sljuiing  froin 
the  same  initial  condition  but  ending  la  two  difleient  states,  id  equal 
to  tliat  which  would  bo  svolvL-d  or  absorbed  in  paaslug  from  one  of  the 
final  conditions  to  tbn  nthor.  Tliiu  tho  lieat  of  fomiatioii  of  a  cobi- 
pound  of  hydr<->g<'n  and  cnrbnn  cnn  bo  nKcrtainod  by  moMuring  tha 
lieat  of  combustion  of  the  bydrocarbon  ;  for,  as  the  final  states  ue  tbe 
•una,  whether  we  bum  the  hydrocarbon  or  an  equivalent  amount  of 
duircoa)  uiid  }iydro^-uu  git,  tho  thenual  difference  between  the  bydro- 
carbon MX  the  onu  tuind  and  tlio  rhuicoul  and  hydrogen  gas  on  tbe 
other  roust  \w  tvjuat  to  thi;  diSbn^nco  hntweiui  the  huat  of  combuAtioo 
of  the  compound  and  the  aum  of  the  nmilnr  valum  for  the  two  eain- 
bnstible  elementary  subslancea,  which  have  been  accnratoly  measured. 
So,  ttUo,  to  detenniue  tlw  heat  evolred  in  the  reactJoa 

I  SO^  +  fftO  =  f/tSO,, 

«e  bare  only  todJsaolroin  one  exporimont^SQ,  and  in  another  7^.90,, 
in  a  ouiiipanttjvcly  lar^  amount  of  water,  when  the  djfiereoica  in  the 
heat  evolved  in  Uie  two  cases  will  be  tlio  quantity  leqoired. 

5.  When  >  com|mund  givee  up  one  of  its  elements  to  another  body, 
the  beat  evolrnd  in  the  tMntion  i<  the  dilltrence  l>etween  tbe  heat  of 
formatioD  of  this  compound  and  that  of  tho  renultins  prndiicrt.  Thus, 
in  tbe  fismiliar  ptoceasn  whore  water  holding  chlorine  in  «<ilutioD  is 
uaed  OS  au  oxi<linng  a^-ent,  the  water  gives  up  its  hydrogen  trt  the  chlo- 

[tJne,  funning  hydrochloric  add,  and  the  heat  evolved  is  tbe  difference 
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iMtwem  th6  beat  of  fonnation  of  Jf,0  luul  3  ffCL  Tbfs  TUetlon  a.  eC 
counH!,  kccompuiiied  l>y  uthen,  in  which  the  occjrfion  liticratnl  iIms  i 
•pocilie  work  and  |m«<Juc«m  a  BpecLGc  thenatJ  oflbct,  but  of  tbu  M 
OMOuat  is  hiera  token, 

Tlieorems  of  this  sort  might  be  veiy  greatly  muIUpliod,  u 
they  have  been  by  llerthelot,  in  hia  work  on  thernio-cliRiui»tTy;* 
but  the  above  will  give  the  studeut  a  genera!  idea  of  tb«  scope 
and  posaibililies  of  Uie  subject 

71.  CAiorimetTy.  —  The  methods  of  determining  the  atDoanl 
of  liLiit  evolved  during  any  chemical  or  physics]  cliange  are  in 
thooiy  Very  simple,  and  form  a  branch  of  experimental  Bcienc« 
known  under  the  name  of  Calonmetry.  In  most  cnaes  the  pro- 
oe«9  is  conducted  in  a  vessel  aunroiinded  with  wntvr.  or  In  the 
water  itself,  which,  in  so  many  chemical  experiments,  is  tlu 
meclium  of  the  chemical  change  ;  and  in  either  cas^,  if  we  know 
the  weight  of  the  vrater.  and  carefully  measure  the  number  of 
degrees  throngh  which  its  t«mperature  is  raised,  we  can  at  once 
estimate  the  amount  of  Iicat  cvoh-ed.  Of  coursp.  tlie  water  itsetf 
must  be  held  in  some  vessel ;  and  altliough  this  is  made  of  pol- 
ished metal,  as  ]ight  as  possible,  and  carefully  insulaiotl  from  iQ 
external  thermal  inllucuccs,  nevertheless,  as  tJie  vessels  usttl 
necessarily  jiartnkc  of  the  temperature  of  the  water,  ih«y  nrait 
absorb  a  portion  of  the  heat  evolved.  But,  knowing  the  w«tg)K 
tnd  specific  heat  of  Uie  material  of  tlie  vessels,  il  i»  cnsy  ta 
calculate  ihe  weight  of  u-ater  which  would  be  their  tlM^nnal 
eciuivali^nt.  and  this  we  add  as  a  comwtion  to  the  weight  A 
actual  water  takea  We  thus  obtain  a&  our  cxporiiuentol  reetilt 
a  oertain  number  of  grammes  of  water  raised  in  tempem- 
tnre  a  certain  number  of  ccnlignwle  dv^recQ,  and  the  pnidnti 
of  the  two  gives  the  number  of  uniUi  of  heat  evolved.  It  i*  j 
secessary  to  measure  tlio  diango  of  temperature  witli  giMt  ■ 
care  to  the  tnx-nttctbs,  or  even  to  Uie  hundredths,  of  a  ccaii-  " 
grade  degrw,  and  to  adapt  ti\e  apparatus  lo  the  vaHiiua  oon- j 
dilions  which  such  determinations  impose.  We  must  reto;fl 
however,  to  the  work  of  Berthelot  just  noticed  for  descriptiou  ~ 

•  E^d  de  ll^Muque  ChiKii<]<Kv  pv  H.  B«rtli«lol,  ParU,  ISTS. 
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appamtus  and  meUioila  of  experimenting,  and  to  the  author's 
work  on  Clii;niical  Phj-sics,  for  a  fuller  statement  of  the  Uieoiy 
of  calorimeirr. 

72.  Method  or  InvMtlgatloii.  —  Tbe  prolilom  with  wliich  thus 
far  the  iiiviaii^iiluia  of  llicrmo-chemiatiy  have  been  chiutty  occu- 
pied is,  stui-tiug  froiu  the  clunmnuiry  sabst«Dci!«,  to  dotenoine 
the  heut  of  oouihiuation  of  varioiiit  compouniU;  for  vxtunplu, 
stoitin);  with  shlid  sulphur  ami  with  oxygvu  and  liydrog«a 
gases,  to  determine  the  heat  evolved  in  the  production  of  sul- 
phuric acid,  HJiOt.  lii  this  case,  aa  with  mobt  cljeniical  com- 
pounds, tlie  product  cannot  be  formed  by  a  direct  chemical 
\  combination ;  and  even  wlien  direct  union  is  possible,  it  is  sel- 
dom  that  the  heat  of  cotubinatioa  can  ho  directly  measured 
with  a  calorimeter.  Indeed,  by  far  tbe  lai^^r  number  of  cbeoii- 
I  cal  pTooessct  do  not  fulfil  thti  conditions  which  uu  accurate 
I  measure  of  tlie  accompnnying  thermal  chun^  involves,  and  a 
vast  aiDflunt  of  chemical  knowledge  and  iii},'i;nuity  Iins  been 
shown  in  devising  indirect  methods  by  which  tlie  result  may 
be  reached. 

The  following  examples  will  illustrate  notonly  tlie  mc^thod,  but 
also  the  manner  in  which  the  general  priaciplea  staUKl  iu  liie  last 
section  are  applied,  and  the  results  calculatetl.         ,„ 

BcTthelut  calculated  the  heat  of  fonnation  of  Sulpimric  acid 
L  (///tOJ  from  the  following  experimental  data:  — 
^L  Firsts  The  amount  of  heat  developed  by  burning  a  weighed 
^wnount  of  sulphur,  as  determined  by  Herthelot  liiin«clf.  As 
Hpfiual  iu  such  cases,  the  result  is  staled  in  terms  which  nr«  pro- 
r  portional  to  the  molecular  wejghte  of  tlie  substances  involved 
I     in  the  reaction,  thus :  — 

^    0)  S-|-®,s0S>,  crvolvgs  6fi.000*. 

^And  by  this  is  meant  that  32  gnmvnes  of  sulphur  in  oombiniog 

with  32  grammes  of  oxygen  gas  give  off  Hufficieot  heat  to  raise 

j      the  temperature  of  69,100  grammes  of  water  one  centigrade  de- 

I     gioft,  or  69,100  units  of  heat  as  defined  in  the  lost  section ;  but 

it  should  bo  noticed  that  these  units  arc  one  IhousAud  times 

smaller  than  llic  units  defined  in  §  13.    This  mvcLod  of  stating 
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results  enobtea  us  to  carry  our  calcataLioas  through  eoooemiv* 
nactious  without  coustoot  reditctU>D&.* 

Second.   Tlie  amouat  of  Ileal  developed  by  the  solutinn  tf 
sulphurous  oxide  ;^  in  water  which  had  becu  detenuine^i  botb 
by  Favre  and  hy  Th«m»ei] :  — 
(2)  S3E),  +  R^O  +  -(?  =  (ff^O,  +  A^)      bvoItwi       TJOO-. 

Third.  Tlie  amount  of  Iieut  developed  in  the  following  reaction, 
as  determined  by  Tliomsen ;  — 
(5)  </f^0,  +  Hfi  +  Aq\  +  ®l,  =  {H^SO^  +  Z^W  +  Ai)  TS.MO'. 

Fuunli.  The  lieut  developed  by  buruii^  cbloriue  in  dry  hjr- 
drugen,  as  dotermined  by  Tliomsen :  — 

<4)  ai,  +  -31,  =  2  3131  QTolvea  IJ.OOC. 

Fifth.  Tlie  lii^iit  developed  by  disisolviqg  bydrochloiio  acid  gM 
in  wutttT.  duteniiiiicd  by  the  ^aiue:  — 

(5)  ^m.Jr  Aq  =  {,Um-^  Ai)  evolvM  ir.SOO'. 

Sixth.  Tlie  heat  developed  by  buruju;;  hydrogen  gas  in  oxygen 
and  condensing  the  vapor  formeil,  —  from  the  mean  of  the  rMollI 
of  several  experimenters :  — 

<6)  2in,  +  ®,  =  2ff,0  orolves  ISe.OOC. 

Seventh.  Tlic  tieut  developed  on  dissolving  sulphuric  oxide  in 
vater,  dctennined  by  Bertlielot:  — 

(7)  SO,  +  II^O  +  Jg  =  (/^5(?,  +  Aq)       evolvea        37,4(HK 

lAftUy.  The  heat  developed  on  mixing  //^'C>,  with  a  laig> 
amount  of  water,  determined  by  several  iuvestigatots  i— 

(8)  B^O^-k- Aq=.{n^SO^-\^  A<f\         otoItm  ir.OOO*. 

If  now  wo  analvKC  reaction  (3),  it  will  appear  tJiat  the  Iieal 
dcvelo]M>>l  CMtnes  not  only  IVom  the  oxidation  of  the  .tidphurDin 
aeid,  but  also  from  the  nuion  of  chlorine  with  hydrogen,  and, 
moreover,  tliat  the  total  result  is  less  than  the  sum  of  the  eflVctc 
due  to  these  two  causes  by  the  amount  of  heat  absorUil  in  the 

'  Tlig  tluJenI  dioulil  <>oinp«iT  thU  in(»I«  oT  •Ullnx  lb*  irvnll  with  tlul  iJcftad 
In  th*  lulilpof  JMl  Th«  initut  I'lt'r  of  Ihu  word  vtlvr  litar^l  u  aton  |>  !)■ 
uiaal  iBole  or  (]c«ign<tine  udiIs  of  Uot,  anil  gntimt  uUJU  cu  be  ili*Uii^Uil 
b«M  klkfjimuuna  auiU  bjr  th«  Ifpe  ■>  liOOO*  ■  l'^. 
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deeompoaition  of  tbat  rao1«cii]e  or  water,  which  yields  its  ox'r^en^ 
to  oxidise  th»  siili)l)im)us  acid  and  iU  hj-drogen  to  unite  with 
chloriiie.    Hcnoo  ilio  li«»t  daveloped  in  the  oxidation  of  sulphu- 
rous acid  is.  by  (3),  (6),  (4).  iind  (6), 

(ff^'iO,  +  Aq)  +  0  =  (H^O,  +  Jq) 
73.900  +  69,000  —  (44,000  +  3 1.COO)  =  Si.SOO*. 
Then,  bjr  (2), 

&D,  i-  Jf,O+0+Ag  =  (ff,SO,  +  Aq) 
64,»O0  +  7,700  p=  72,000*. 


By  (l). 


By  (7). 


S+O,+  II,0+A<i=  (IJ,SO,  +  Aj) 
72,000  +  69,000  =  U^OOO*. 


5+ a, =50, 

141.000  -  37,400  =  loa.eoo*. 


tBy"{7)  and  (8), 
y  103,600  +  37.400  -  17,000  =  134,000«, 

FinaUy,  by  (6), 

1 24.000  +  69,000  =  lOStOOO". 

It  must  not  be  inferred,  from  the  manner  in  which  the  result 
is  stated,  thnt  we  have  here  reached  the  heat  of  combination  of 
the  ultimate  Rtoms,  for,  however  desirable  snch  n  result  would  be, 
it  i-s  at  yet  unattainable.  All  that  we  intend  to  expresi  it  that 
32  grammes  of  solid  nUphitr,  64  grammes  of  ox^j^m  ga3,  and  2 
grammes  of  hydroycn.  gns,  when  united  to  form  sulphuric  acid, 
n^Ot,  evolve  sufficient  heat  to  raise  tlio  temperature  of  193.000 
fn^nimes  of  water  one  degree.  Our  experiments  only  prove,  it 
must  be  noticed,  that,  in  pasting  from  the  elementaiy  substances 
to  the  ultimate  product,  tlirougli  the  intermediate  stagcii  which 
the  production  of  sulphuric  acid  involves,  a  certain  niiiount  of 
heat  i^  lost  on  balancing  the  account  The  further  conclusion, 
that  the  ultimate  loss  of  heat  is  precbely  the  same  us  it  would 
be  if  sulphuric  acid  could  be  made  by  the  direct  uuion  of  the 
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elemeotary  enbstanoes  or  whidi  it  consists,  is  an  inference  fom 
the  priaciples  of  §  70.  In  order  to  determiue  furLhcr  the  amoant 
o(  beat  ovoIv«d  in  Che  uniou  of  th«  elementary  atoiuo,  Mait^ 
ftoia  a  couditioD  in  which  th«««  uoms  are  completely  4iM» 
ciated,  we  must  know  luithcr  tlio  Ii«at  of  comliiiiatiun  of  tls 
elementary  subfttances  themselves,  that  is,  the  heat  evol\-ed  fcr 
the  union  of  tlie  atoms  to  form  tbe  nudecules  of  solid  solfAot 
and  of  oxj-gen  and  hydrogen  gases. 

A  stiuly  of  tbe  above  example  n-ill  also  sliow  that  in  cbemkii 
processes  tiie  thermi:il  changes  are  due  not  only  to  chomical  nt- 
tioD,  but  also  to  the  change  of  phyitiettl  cottditiou  wlitch  mc^ 
prooessea  involve.  Indeed,  on  the  principle  of  maximum  wvA 
3  70),  tlie  latent  heat  of  nn  aertform  or  U<iuid  product  or  h--c 
of  solution  may  be  tlie  determining  caiue  of  a  given  chemi-^ 
reaction.  Hence  it  h  essential  in  all  studies  of  this  kind  bi 
pay  tbe  strictest  attention  to  physical  conditions,  au<)  to  stale 
Ua-  precise  conditions  under  which  a  given  result  waa  readied. 
Moreover,  it  is  obvious  LhnU  althoui^h  so  simple  in  theory*,  the 
problems  of  Uiermo-chemistiy  may  be  very  complvx  in  practice, 
and  deraand  a  great  deal  of  injiiennity  in  devising  for  their  sohi- 
tion  proceaaee  which  are  compatible  with  the  methods  of  c>Id> 
rimetry.  In  order  to  illtiatrate  these  points  still  further,  we  idl 
a  second  example  from  an  investigation  of  Berthelot 

It  was  required  to  determine  tbe  beat  of  formation  of  alamink 
bromide,  Al-^r^.  Tbe  heat  of  formation  of  aluminic  chlurvK 
Alfitt.  bad  been  previously  di-tormined  by  Thomaen,  ami  «» 
Iciionu  to  be  331,800'.  Moreover,  the  heat  of  combination  d 
KCl  and  KHr  had  been  determined  by  liertbeloty  and  the  bat 
of  solution  of  tliese  salts  was  well  knon'u.  Given  these  dab^ 
Berthelot  saw  that,  if  Al^Cl^  was  dissolved  in  water  contaiaiq 
'dKJir,  and,  on  tbe  other  band,  Al^Brt  dissolved  in  tba 
amount  of  water  containing  6  £'C7,  the  final  condition  uf  tbe  t«D 
solutions  must  be  identical. and  henoo,by  §TO,the  totnl  qimtiff 
of  beat  evolved  in  reaching  these  conditiona,  starting  from  Uw 
same  elementary  substances,  must  be  eqiud.  If  tJien  Ite  deter 
minikl,  as  could  readily  be  done,  tlio  heat  of  solution  in  tbe  t«v 
cases  ju»(  mentioned,  he  could  put  equal  to  each  other  the  snail 
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wLicl)  lepresent  tim  total  quautity  of  h«at  developed  in  pro* 
ducing  tliG  Iwu  aulutioos,  and  aa  Ld  tlii-s  cquatiuu  the  hvAt  o( 
fonnatioD  oi  AlfBr,  would  be  Uie  oiily  uukoown  quuitities.  the 
problem  was  naily  8l>W«i1.    Thus  we  liave 

A*.  +  Hr,  (S»)  +  -^«  =  (fl  A'^r  +  ^3)  O'O.OOO- 

AlfOf,  when  dinolvtd  iu  th«  itroTious  solution,  yielded  in 


the  ili;tcnniiiali<>u  of  Betthotot, 
Od  the  other  hand, 

A\  +  a,  +  ^a  =  (6  xa  +  a^} 

Al^f,  wlieo  dixmU-ed  iu  luct  solulion, 
»+778,«'>0'=l,(M3.BOiy 


IflS.OOO' 
321,800* 

1,043,801>' 


604,800' 
173,800' 

X 

778,000«  +  x 


73.  Reauita.  —  We  give  in  TftWe  V,  some  of  tie  more  iiiter- 
eatiDg  rc^iilu  which  htive  Uuis  far  been  renchcd  in  the  iiiV4:«ti^- 
tions  "'f  tlutrmo-cheiiiiatry.  Tliey  have  been  for  the  tno»t  \ian 
selected  rmm  the  foi  more  extended  tables  which  tiavc  iiei'it 
published  in  the  "Annuaire  du  Bureau  dea  Longitudes  de  i'aiift" 
sinw  the  year  1877.*  In  a  few  cases  only  we  have  subatiliited 
tbr  the  numbers  in  the  original  table  the  results  of  more  recent 
dptermiuations.  In  order  to  coiideuso  the  table,  the  lost  two 
figures  of  the  nwulti  as  usually  given  arc  omitted,  and  the  figat«a 
before  the  decimal  point  stand  for  thousands  of  Iieat  units,  m 
above  df6ncd,  or  for  heiit  units  m  defined  in  §  13.  The  fnll 
figures  can  he  obtained  by  referring  to  the  original  papers,  hut 
as  a  rule  tbcy  are  of  110  value  beyond  tlmae  given  in  the  tabic. 
The  form  of  statement  adopted  in  the  table  has  alrea<Iy  been 
fully  explained  in  the  last  sectioa,  and  the  student  must  be  very 
coi^ful  not  to  mistake  the  conventional  meauing  of  the  symbols 
AS  here  used.  It  is  assumed  that  the  constituents  are  in  the 
condition  in  which  they  naturally  exist  at  tho  temperature  of 
15°  C.  and  under  a  pr<»sure  of  76  c.  nL.and  the  results  are  based 
*  Alio,  Jahiribctiehl  iAa  die  Fottichrittc  dcr  CbeoiM,  1S77. 
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■ftti  experiments  made  nt  approximntely  the  aamo  tempenmnt 
except  in  the  few  cases  when;  it  was  otniously  otherwioe.    TIh 
coDdition  of  the  product  is  Jndicatet!  by  the  Iteadtn^  of  tho  col- 
umn  in  which  the  figures  nkttin»  to  it  ara  placed.    ]ly  the  bwl- 
iiig  "  Solution  "  is  meant  nqnenus  solution,  and  the  quaati^rfj 
solvent  is  assttnied  to  be  sufltoientty  large  to  dctermino'  lb 
maximum  thermal  effect.     Of  course,  the  "He«t  of  Solntjce' 
can  l>e  found  ia  any  case  by  subtracting  from   tho  numbers  si 
this  column  tlie  corresponding  number  iu  one  of  the  three  pK- 
cedin<*  colanans.     But  it  must  be  noticed  that,  aa  thn.^  timnj,  hut  i 
^  of  solution  is  often  a,  mixed  effect  of  simple  eolution  and  chcnd- 
cal  action ;  as,  for  example,  wbeti  sulpburia  oxide  or  pbo^pbori: 
oxide  is  dissolved  in  water.     In  a  similar  'n-ay,  many  other  dilal 
may  be  derived  from  the  table  which  are  not  explicitly  given,  sad ' 
to  som«  of  these  the  student's  attention  will  1)e  caUe4l  by  tfai 
problems.    But  in  comparing  thermo-iiliemic*!  dwta  doriv-ed  boo 
different  experimental  results,  ho  must  not  expect  to  find  enti" 
ACCOnliince.     Although  these  vslues  are  undouhteclly  as  fnii 
mental  constRnta  of  chemistry  as  the  atomic  weiglits,  vol  ib' 
have  not  been  aa  yet  so  fully  confirmed  or  so  thomiiglily  cutUui 
as  to  enable  us  to  present  an  entirely  consistent  syatAHi.     Ili-JMt 
the  table  bere  j^ven  must  be  rvgsTdcd  as  pro%-isiotiiU,  ainl  m 
serving  only  to  illustratii  tlie  priiiciplos  of  t)ie  subject     In  all 
esses  where  importAlit  concluMons   or  praolicol   qiie^tirMis  an 
involved.  roferenc«  should  be  had  to  the  original  papers,  wb« 
the  details  of  the  E»ev«ra)  detenoiuations  are  giv«D.  and  free 
these  it  is  usually  possible  to  judge  bow  far  the  results  can  be 
trasted. 

74.  Bxotliermoiu  and  EndotheraioHB  BodlM.  —  An  ii^  i  < 
of  Table  V.  will  show  tli.it,  although  in  mo«t  cnsea  heat  is  , 
in  the  production  of  s  compound  from  elomentaiy  subsUncei^ 
yet  there  are  many  cases  in  whio1>  the  formation  of  Uie  oodh 
ponnd  body  Is  attended  by  nn  Rb»<irptiun  of  heat.  HttDoe  i 
division  of  chemical  compounds  into  rmlhrrmmis  and  mdfilm- 
moH»:  and  thc<«  two  claiCMs  ore  indicated  in  Oar  uble  bjrtl* 
plus  or  minus  sign,  which  is  invariably  placed  before  the  nnin- 
ber  of  units  of  hoot  developed  or  absorbed.     It  is  ob\'joas  l^ 
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11  endottifirmous  bodiM  niiwt  Iw  more  or  lo^s  unxtahlo,  since, 

iccvixliut,'  to  Ui«  principle  of  niaxiiiuiiii  work,  tlivv  must  conalautly 

tend  to  lirealc  np  inU>  tlie  el«in«nt«r7  Hub»tancm  of  which  ibey 

consist.     The  most  renjarkable  compouud  of  tliia  class  on  onr 

list  is  chloride  of  Ditxo^en,  whose  extreme  explosive  chatucler  is 

rell  known ;  and  thia  correepouds  to  the  fact  indkotc-d  by  Table 

that,  wheu  nitrogen  cliloride  is  resalvctt  into  chlorine  and 

litrogen  gases,  38,100  uniu  of  h^iat  are  set  free   Tliu  rviti^irkublc 

ct  thus  brought  in(o  proniiut-Dce  iniglit  savux  at  iirsl  sight  in- 

»nsist^-nt  with  th«  general  principle  alreedj  eiimi(-iaU:il,  tlial, 

vhilt.-  the  imiun  of  aUims  ia  attended  with  the  develupinent  of 

It,  Uie  parting  of  ^toins  involves  a  corresponding  absorption. 

"Bat  it  will  be  noticed  that  iu  the  teaciioD 

^^  2  JVC/,  =  ir>if+S  CI-  01 

^Hbe  nitrogen  atoms  unite  with  each  other  to  form  molecules  of 
^nitrogen  gas,  and  the  chlorine  atoms  iu  a  similar  miiiiuer  to  funn 
molecules  of  chlorine  ^as,  and  the  amount  of  host  evolved  by  tlw 
union  of  these  similar  atoms  so  far  exceeds  the  loss  of  heat  which 
atteuds  the  separation  of  tlie  dissimilar  atoim  of  chlorine  uud 
mtrojn.-n,  that  the  difference  nntounts  to  over  38,000  units.  The 
pucidiar  properties  of  all  «iidotti«nn(Hi3  compounds  arc  probably 
to  be  explained  t»  A  similar  way,  and  by  studying  the-  llienual 
relations  of  auch  sulistances  we  rnay  hope  to  be  able  hereafter 
to  determine  the  heat  of  combiuation  of  the  elementary  8ab> 
stances  tliomselves,  a  factor  in  thenno-cltcinisify  which  is  greatly 
wanting  to  the  completeness  of  this  anbjocl-  It  does  not,  how- 
ever, appear  tliut  the  amount  of  heat  nbnorbed  in  the  formation 
of  endothennous  compounds  is  the  sole  measure  of  tlieir  itista- 
bility,  since  their  molecular  structure  must  have  an  important 
influence  in  this  respect ;  and  it  is  probably  due  to  some  circum- 
stance of  atomic  grouping  that'  acetylene,  for  example,  is  so  much 
more  stable  than  chloride  of  niliogun.  nlthoufib  the  best  absorbed 
in  the  formation  of  the  molecule  C^H^  is  Dearly  twioe  as  great  as 
in  the  production  of  the  moleeule  NC%. 

75.  Bxploaivo  Agents.  —  There  are  many  substances  which, 
although  exothermous  in  respect  to  the  elemeatuy  substances 
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ftoiD  which  titey  are  ultimately  derived,  are  eDdothemmH  it 
their  relations  to  oertaiti  de&iite  [MTKiucts  into  whivb  theyai 
more  or  less  residily  resolved  with  evolution  of  heat.  Tbe  odi- 
nary  exi^osivo  agenta  are  bodies  of  this  claan,  which  owe  tbtir 
eCAoieney  not  only  to  the  heat  evolved  in  their  dcvompositMa, 
bat  also  Co  the  circurostaDce  that  the  producU  into  which  the; 
fall  are  for  the  most  part  aeriform  bodies,  who^  tnolecidi-jt  aojuiie 
an  euormoua  uoving  power  under  the  inllueooe  of  the  hoat  tfiin 
'geomntud.  One  uf  the  most  renmrkable  of  these  sufastanoes  a 
uitrQijlyoerino,  a  frightfully  explosive  oil,  which  we  may  tt^an) 
ai  the  nitrate  of  tJia  radical  glycwyl  r^,'0,'{.A'Oj), ;  and  by  de- 
veW()iug  tliis  symbol  into  the  ^pbic  fonn,  tbe  student  wiU  wtt 
that>  ahliiMigli  the  material  contains  sufflcieut  oxygen  to  eoov«it 
all  its  carbon  into  carbonic  dioxide  and  all  ita  liydro^n  into  water, 
the  greater  part  of  tbe  oxygen  atoms  are  kept  a]>art  from  tbe 
atoms  of  these  very  combustible  clementa  by  tlie  intervention  (f 
atoms  of  nitrogen  in  thu  structure  of  the  molecule.  Tlie  shock 
of  an  exploding  fuse  is  sufiicienl,  however,  to  disturb  the  dcUcste 
balance  of  forces  by  which  the  unstable  structure  ia  maintained 
and  tlicn  tlii;  nitroglyceriue  broak»  up,  ob  the  foUowiug  &im- 
tion'  iodiottes  :— 

The  great  lending  efl'ects  of  tho  explosion  are  direct  manifesto 
tions  of  the  enormous  moving  jwwer  which  the  molecuU-s  of  tlw 
aeriform  products  acquire  under  tbe  inBuence  of  the  bL-nt  do- 
veloped  in  the  chemical  change.  Berthelot  has  determiiicid  that 
the  heat  of  fonoation  of  oitroglyccrine  is  25,000  units.  HcDoe. 
assuming  that  the  product*  arc  cooled  down  to  15°  C.,  and  ci- 
panded  until  reduced  in  tension  to  76  c.  m.,  the  beat  developed 
by  the  cxploAiun  must  be 

S83.000  +   US,fiOO  -  26,000  =r  405.500  nnito, 

or  1,786  units  for  each  gramme  of  the  cxploeive.    Wben  It  b 
remembt>red  that  this  amount  of  heat  is  the  equivalent  of  756.9 

*  Ths  r^MtioD  b  written  conrMitfouII]-  In  tblx  farm,  tA  •vojil  Uig*  unhH 
In  cikDlition. 
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IdlognmiQe  metres,  and  oonv^pouds  Lo  a  volocity  of  abmtt  4^000 
iu«lt«»  a  B«cDii<l  imparled  to  tb«  nioloctdea  of  tliat  gmmme  of 
nmttei,  we  tad  an  adequate  oau8«  for  tbu  etfecta  ob»crvod.  Mora- 
over,  auioe,  when  expladed.  by  a  ftue,  the  cheoiitial  cliao^  takes 
place,  eeseotially,  instantaaeoiuly  tlirougbout  tba  whole  moss  of 
tbe  tutroglycerino,  tb«  molecules  of  the  aeriform  prnduct^i,  before 
tliey  iiavv  limu  lo  uxpiiud,  strike  against  tbe  opjiosing  obstacle 
wiih  thv  full  force  of  thvir  acquired  velocity,  end  tbna  a  small 
vliai^  is  Me  to  rend  a  laryo  mans  of  rock  ou  which  it  simply 
TtaiA  vritbout  any  other  tnmpiug  than  tlie  atmospheriv  air.  An- 
other mode  of  estimatiog  the  explosive  forcu  \a  to  calculate  tht) 
teui))cratiire  of  the  prodiicu  by  tiie  {inuciples  of  §  67.  and  ll)eQ, 
asauming  that  the  whole  mass  of  ga9  is  momentarily  contined 
to  the  space  prerioosly  occupied  by  the  liquid  explosive,  det«r> 
mine  by  [10]  and  [4]  tlie  initial  tension.  As  we  know,  however, 
that  the  lavr-s  ^veming  gas  tension  whicli  these  formulas  expres.<t, 
do  uvt  hold  rigOFOosly  at  the  high  tempeiutures  and  pressures 
with  which  we  aro  here  dealing,  we  cannot  place  much  confidence 
in  thu  rcsultji  of  jiUL-h  calculations. 

Although  guupowdet  is  a  mechanical  mixture,  and  not  a  defi- 
nite comiMund,  the  theory  of  its  action  is  eacentially  the  same 
M  that  of  nitroglyccrini;,  the  chief  diBereuce  being  tliat,  in 
barniDg.  the  chemical  action  takes  place  between  hfterogoueous 
grains  instead  of  between  different  parts  of  the  same  molecule^ 
and  for  that  reason  is  less  rapid  and  can  l>e  more  readily  con- 
trolled. In  both  casea  the  efficiency  of  the  explosive  depends 
upon  the  circumstance  tliat  the  aeriform  products  of  the  chemical 
change,  confined  in  n  small  space  and  intensely  heated,  acquire  an 
enormous  ten»ion  ;  but  while  with  nitroglycerine  all  the  products 
are  gosea,  with  gunpowder  more  than  one  half  are  solid,  and 
moreover  the  amount  of  heat  developed  in  tJie  explosion  of  nitro- 
glycerine is  two  and  a  half  times  greater  than  that  evolved  by 
tbe  burning  of  an  equal  weight  of  gunpowder. 

The  composition  of  gunpowder  docs  not  usually  vary  more 
than  a  few  per  cent  ttom  that  indicated  by  tho  symbols, 
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which  coneapood  to  74.de^  (^  nitre.  13.ft^  of  oharcoal,  and  US^ 
of  suliihar.  TliCAe  iiitnwJieats  h»vit^'  Iwea  intimately  mixed  in 
the  (MiiKlicion  of  (liie  powder,  tit€  resulting  med,  moisteoed  wili 
water,  is  couipa£t«d  by  hydraulic  preseurtj  iula  a  twUd  oike;  ud 
this  is  th«ii  broken  up  by  simple  mi.-cbniucul  tui-uns  iuU>  graio 
of  (Uffennl  sizes.  Tbe  following  fact*  in  rugtird  to  tlic  btiiiiii^ 
of  gonpowder  in  closed  venwls  uv  tinf  nsmlls  of  a  vcn'  allr 
investigatton  of  tbd  eubjuot  inudo  by  Abel  ukI  Noblu. 

Whea  ouo  }^unjn«  of  i>owder  i^  burnt^  tbe  solid  ^rutlocl* 
amoiiat  to  about  0.^7  j^rainBie,  ami  tbo  aeriform  prnducta  to  alMOt 
0.43  gramme.  The  solid  produots  aro  cbietly  a  mixture  of  potaauc 
carbonate,  sulpliate,  tIiioanlpbit«,  and  sulphide,  with  rsmaauu 
'Of  unburnt  powder  in  veiy  Tnvying  pi'o]rartioDS.  The  cunipoa- 
"tion  of  the  aeriform  product  la  more  constant,  and  does  uot  mij 
amch  from  50i,  COt.n%  CO,M%A\.S%  ff^  2%  Jf,  V^ 
volume  of  gii»  fiirnishod  by  the  combustion  of  oiie  gianuns  of 
powder  iu  a  cioavfl  V0»»3l  uiuii«uivd  ul  0"  and  76  c  ro.  in  aboM 
SSOoTin.^,  and  is  ttbo«t  280  titties  tlw  volume  of  the  guDpowda, 
whose  density  does  not  vaiy  greatly  from  tiat  of  walwt.  The 
teosiuu  of  tltu  pruductK  of  wiubuKtJon,  whca  tlic  powder  eiitinjr 
filU  tliu  «ptKW  io  wbicb  it  in  lired,  »  sboul  6,-lOU  atiuospbeies,  gt 
42  toia  per  square  inch.  Tlie  heat  develMixxl  by  the  burning  d 
ODO  gnuune  of  powder  is  about  lOH  graunun  units,  and  Uit-  t«tD- 
peratiiro  luonientarily  developed  about  2.20U'*  C.  The  total  woik 
of  gunpowder  when  the  products  ai«  indefinitely  expanded  ii 
Uteofetically  about  332,0lj0  ineu-e  graniiiies  per  ■^raiiiiii.\  <.t  4A* 
foot  tons  ))er  prjuad  of  powder. 

"C.  Chomjcal  ASiaitj.  —  The  force  which  holds  togettter  the 
atoms  iu  a  molecule  is  usually  called  clieniical  affiDity,  ukI 
chemical  changes  are  frequently  ascribed  to  tlte  dilTcpeat  alKn- 
tien  for  each  other  which  diflerent  atoms  possess,  la  liic  oiiti 
vrorks  oa  chemistr}*  great  stress  was  laid  on  what  wen:  called  tlu 
cloctive  aPiiiiities  of  substances,  compounds  as  well  ns  cWuenU; 
and  Bergman,  a  celebrated  chcmi»t  of  the  lust  centiir}*,  publifJwl 
a  series  of  tabltw  which  were  supposed  to  give  the  ruUtivc  tibi' 
tiesof  tlie  more  important  cliemtcai  agents  known  in  his  time.!* 
indicated  clu«ily  by  the  order  in  whidi  iitey  would  repiitce  eicli 
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other  in  ft  aerie«  of  chemical  reactions.    Thus  we  have  tlie  teln- 
tivc  affiuicies  of  stilphuric  acid  for  diflerent  haaes,  ainl,  ou  the 
other  h^nd,  the  relative  aJfiniticfl  of  a  base  likf.*  potash  for  the 
difliereDt  acids.    The  word  ajinit;/  ori[^niit«d  iii  the  conception  of 
•oioe  aflection  inherent  in  a  body,  by  viritio  of  wbicb  it  comlriued 
,t]i  one  sabstanoe  in  prvfervnoo  to  anotlwr,  and,  like  many 
iher  scieotilic  terms,  has  long  sun'ivcd  its  original  mefmin-;. 
n  regard  to  the  nnturo  of  tlie  chemica]  force  (affinity),  theMj 
have  been  many  dinvrent  opinions  among  natural  philMophen. 
Some,  like  Newton  and  Ber1holK>t,  have  regarded  it  as  a  fhaaa 
j       of  univiT<al  attraction^  olh«w,  like  Davy  and  B«rzetiaa,  have  con- 
sidered it  to  bo  a  isanifestacion  of  «1octncal  action ;  whilo  many 
studenta  of  the  present  day  are  inclined  to  regard  all  chemical 
^  change  OS  an  eCTeot  of  the  motions  of  atoina.    But  aithongb  we 
^niave  not  been  able  to  attain  any  clearer  views  of  the  ossontial 
^■nature  of  the  chemical  force  than  such  a  diversity  of  opinions 
"would  indicate,  yet  in  the  principle  of  maximani  work  wu  liave 
ohtained  from  the  atudy  of  thcrmo-ciMimiBtry  n  very  important 
generalization,  which  cnnblcA  tis  in  most  cams  to  [iredict  the 
^—result  of  a  given  coinbinatioR  of  mnttTiols  and  conditions.  Tbus, 
B  to  a<ld  another  e-xaniplc  lo  those  already  given,  we  are  enabled  to 
predict,  from  the  data  given  in  Taldc  V.,  that,  when  bits  of  me- 
tallic zinc  are  placed  in  sulphuric  acid  dihitod  with  water,  » 
chemical  reaction  Tinll  take  pliice  by  which  hydrogen  gas  and 
a  solution  of  zinc  mlphntc  will  be  formed. 
Lv      If  now  wo  c-taniine  closely  the  <Ietails  of  this  very  simple 
^■theniio-cbomiail  problem,  we  shall  find  that  the  changes  of  pliysi- 
|r'ca1  condition  arc  the  chief  causes  wbieh  detcmiine  the  chemical 
diange,    Tlie  formation  of  aulphnric  acid  from  hydrogen  gas, 
I,      which  our  calculation  assumea,  impliea  the  espenditure  of  a  Ui^ge 
^ntnonnt  of  work  in  chaitging  an  aeriform  to  a  litiuid  condition, 
^rand  hence  the  hydro^n  atoms  while  in  combination  may  he 
H  regarded  as  having  a  certain  energy  of  position,  which  facilitates 
their  return  to  tlie  condition  of  gas.    Then,  again,  the  solution 
of  the  zinc  sulphate  is  another  important  element  in  the  process; 
for,  as  is  well  known,  all  chemical  action  ceases  as  Mon  as  the 
water  becomes  salurc)t4.it,  although  a  laigc  excess  both  of  itul* 
phuric  acid  and  xinc  may  be  present. 
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But  artcr  making  all  uUovtadocs  for  the  potency  of  pbraital 
eoiulitions,  ft  would  appear,  from  ttie  present  ttaiidjioiat  uf  cltea- 
iatry,  tliat  tht-nj  must  be  certain  difTereiio^  of  ii^nalities  inberem 
in  tti«  alums,  which  contspuiid  to  vrbal  we  call  dJd'creiKss  ol 
chemical  afttnity,  and  wbicli  are  important  factors  io  det^rnnioiog 
clientical  chants ;  and  it  is  certAiuIy  legitimate!  to  seek  to  mc*»- 
uie  wliat  we  may  call  the  relative  poiaUiul  of  the  atoiua  when  in 
a  state  of  indelinite  expansion.* 

77-  Ib«nnolyale,  or  DiasodatloD. — Ute  beat  which  is  eTolvfd 
I  In  moat  Qisea  when  elemeutary  sulntances  unite  to  form  com* 
I  pounds,  rvpresents  a  certiua  amount  of  work  which  ttie  chemical 
'pron^SM  nccomi^hcs,  and  we  sliould  therefore  expect  from  auol- 
I  ogy  that  liiwl  >vouId  1)0  aUc  to  undo  this  same  work,  and  hence 
'tluit  at  a  atiHicicutly  high  tctopumluro  the  oorupound  would  lie 
again  iTisiilved  into  elements.    Tims,  when  one  gnunme  of  .hy- 
drogen gas  unites  with  eight  graiuuies  of  oxygen  gas  to  fonn 
water,  ^4}  kili^igninime  units  of  heat  are  evolv&l,  whicli  are  tlw 
equivalent  of  14,600  kilogramme  metiea  c^  work,  and  the  gnaei 
,  ia  combimiit>  have  lost  that  peculiar  movement  of  tlieir  ntuias 
molecules  which  was  the  esscotial  condition  of  their  previou* 
'Kowit  is  just  this  quantity  of  uiottoa  which  \n  tlie.acte^ 
bomb{»atiun  is  converted  into  heat,  imd  It  is  to  bo  fxiiected  that, 
I  if  Uie  same  amount  of  motion  is  Tttslort-d  undi-r  the  inHucnn 
'  of  a  high  temperature,  tlie  water  wifl)  be  oODverted  buck  into  Un 
elt^mentary  ga.sG3.     Sitcb  we  find  to  lie  nctually  the  ca«e.     Ac- 
cording to  iJeville,  when  steam  is  passed  tlirough  a  healod  plati- 
num tube,  deeoaiposition  commences  at  from  960*  to  1^00*;  but 
it  is  not  i»mi>leted  until  a  mucli  higher  temperature  is  reaclted. 
Under  lliesc  couditious  a  small  pail  of  the  hydrogen  gas  ftscapa 
by  a  kind  of  osmotic  action  through  the  walls  of  the  platiuun 
tube,  but  the  rest  rocombines  with  the  oxygen  wbcu  Uie  vapot 
cools,  leaving,  however,  n  volume  of  oxygen  half  as  gr^at  as  tlist 
of  tho  09cnpe<l  hydrogen,  which  can  be  collected  and  meaBund. 
"With  a  tube  of  the  vcr)-  costly  metal  jialladium,  tbo  oemUig 
action  is  so  strong  under  the  same  circumstances  as  to  delo- 

•  The  ■lU'Irnl  will  Aail  •  nuti(«  ot  *  paitlal  italatian  vt  tbt*  fMUiM  bf 
TkoNum,  ia  the  Amoricu  JoDrnnl  of  StitoM,  Vol.  .XXI.,  Fibnuir,  ISSl. 
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mine  a  very  considerable  oeparatiQn  ot  the  two  gases;  and  a 
siniUai',  alliougli  I.^^^  iieilect  aepaiulioa  can  be  olrtoined  witij 
a  tube  uf  porous  eartben-wate,  from  which  hydrogen  tjacapes  by 
(liflusiou. 

Ill  tnnny  cnsea  when  a  cjmpound  is  dccomijosud  by  heat,  the 
coiistituuota  do  not  ceconibina  wlieu  th«  tuiiiperaturci  falls.  Wtj 
TshoiiM  expect  such  a  result  in  the  case  of  vndolberiuoiis  Ixidies 
Llike  the  oxides  of  aitro'^an,  hut  tliu  same  is  Hue  of  many  cxo- 
•thermous  aubatancesL  Thus,  wbtiii  pnssed  through  a  red-iiot  lube, 
atnmouta  gas  is  pciriunui-utly  r«»olve<l  into  a  mixture  of  hydrogen 
and  nitrogen  giute^,  hydric  sulphide  into  hydrogen  gas  and  sul- 
phur vapor,  nmrsh  gns  into  hy<lrogen  gas  and  coke;  aud,  iudeed. 
almost  all  compounds,  both  of  carbon  and  of  oitnigeu,  are  ]>6r- 

Piuaiietitly  decomposed  at  a  red  heat 
The  terni  thermolysis,  correajKJiuling  to  tlatn4if*it,  vciy  accu- 
rately describes  pheuomcna  of  Uiis  class,  and  is  to  be  preferred 
^K^to  the  word  JiAiociation,  which  is  less  siguiJicauL  IH'  some  ati* 
H'thors  the  hifil  tena  is  ifscrvc-d  for  those  cases  of  llierniolysis  in 
^■'n-hich  the  elvmeutary  substancu*  would  recombiue  if  the  tenipeia- 
1  turt!  full  to  a  sujVicicut  dt-yn^e,  and  it  is  coiiveiiieiic  to  speiik  of 
thti  ck-iui'uts  whvu  ill  this  ^UAo  us  dissociated.  If  w«  can  rely 
the  evidcuce  of  the  spectioscoiw,  uli  Uie  present  elements 
pme  dissociated  «t  t«ui|iemtun^  which  wo  can  readily  com- 
nd.  The  greater  part  of  thu  tuvtallic  salu  are  thcrmolyzed  in 
Haine  of  a  Uunsen  burner,  and  no  koowa  compound  resists 
tlie  bi^'h  I«inperature  which  is  ohtaiiu'il  by  Xha  dischai^  of  a 
,  powerful  iuducLioQ  coil  wbeo  tnteosified  by  a  Leydeu  jar.  lu- 
'  deed,  there  is  reason  to  believe  that  under  tliese  ctrcutnstt^ncM 
\  some  of  the  substances  hitherto  regstnled  as  elementary  are  t«ii^ 
porarily  resolved  into  simpler  conditions.  Moreover,  the  spco 
Ciosoope  indicates  that  on  the  surface  of  the  sun  the  chemical 

telemefits  ore  actually  iu  a  state  of  permanent  dissociation,  if  not 
In  Bomo  ca*es  themselves  decomposed.  Accotxting  to  the  nebular 
theory  oar  earth  mtisl  liave  piissod  through  B  similar  stage,  and 
Dot  until  the  crust  had  cooled  could  chemical  combination  bcgia ; 
and  in  iroa^iution  we  can  go  book  to  a  still  earlier  [>eriod,  when 
there  was  but  one  auhdane^,  and  reigard  all  chemical  qufdiUos  and 
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relations  fts  Uie  tesulta  or  tlie  succMsive  differentiations  of  Uifa 
pnmevftl  utass  a»  it  gradually  cooled. 

Tlic  principlva  of  tliis  »ecUon  have  a  very  iinportaDt  b«irii^ 
oil  Uic  det«nui nation  of  molecular  weighta  by  lueons  of  vapor 
densities  (§  IS);  for  il  is  evideul  that,  if  iu  the  proeuss  tbe 
vapor  undeij^oes  thennolysis.  the  rrault  must  be  wholly  vitiatad. 
In  some  cases  dissociation  follows  volatilizatdoa  so  ijuinediately 
llmt  the  abnormal  vajxir  density  is  tiie  only  direct  evidence  wi 
liave  of  tlie  decomposition.  For  example,  the  density  of  ibt 
vapor  of  ammonic  chloride,  instead  of  being  2C.7I>,  aa  we  should 
expect  from  the  undoubted  weight  of  its  molecule,  A'lItVi,  is  only 
about  one  half  of  this  nmounl ;  and  tlie  reason  probably  is,  tha^ 
when  Itt-atvd,  llic  moU^cuIu  brvuks  into  two,  au<l,  in  cousetjoeooeb 
tbu  volume  of  tlie  %-apor  doubles. 


jf/i,a 

= 

JV7/, 

+ 

BCl 

I 


So,  also,  chloral  hydrate  jHclds  a  vapor  density  whfeb  ts  only 
balf  OS  great  as  the  admitted  constitution  of  its  niolocnle  de- 
mands ;  and  although  it  ia  to  a  high  degree  prubabltt  ttiat  thk 
Coiu]>ouQd  would  break  up,  when  heated,  into  chloral  and  waUir, 
yet  it  is  ver>-  ditlicult  to  obtain  any  convincing  evidence  that 
such  a  change  hiis  taken  place.  In  both  tbe  cases  wo  have 
cited  the  molecultis  rccombine  in  assumiiij;  the  solid  GondEtioo, 
and  all  the  plicuomcna  attending  the  change  of  state  are  pR* 
ci»ely  the  same  as  tlio«0  observed  in  any  other  volatile  body. 
Indeed,  although  many  very  ingenious  expcrimeut^  have  been 
made  with  a  view  of  settlii^  the  question,  it  is  still  ntwertain, 
not  only  in  this,  but  also  in  several  otWr  cases,  whotber  diaw 
oialjon  lias  taken  place  or  not.  Tlie  question  is  of  groat  im- 
portance to  the  tlieory  of  chemistry.  If  dissociation  does  Bd 
take  phice,  the  cases  referred  to  are  exceptions  to  the  law  of 
equal  molecular  volumes,  and  specific  graWty  can  no  Inoger 
be  re;sarded,  as  now,  tbe  sole  measure  of  molecular  weight.  K 
liowever.  It  can  be  proved  that  such  a  change  duea  lake  -pUn, 
tlten  tJie  unity  of  our  preaeut  theory  is  pnieervnl,  and  %h» 
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list  has  only  tdr  gnaid  againeb  tibia  cuise  of  enor  in  Im 
lexperimenta. 

Witen  (ItsaociatiuD  does  not  begia  until  the  temperature  has 
\jieen  considerably  siKtve  ibe  iwint  at  wtiicli  thg  substance  be> 
comes  a  pennaneiit  gs«,  tbe  chau^B  i&  luaiked  by  a  more  or  le^ 
rai>id  tailing  oS  of  tlie  vupur  duDsity  as  tlie  tenjperatnro  risea 
Sucb  a  cluiii]>e  cau  be  discovered  liy  repeuUug  tbe  obaen'ation 
^^at  differeut  tt;in(Kjratiir««,  and  it  is  ouJy  when  the  values  tbus 
^pt>bttuiiol  are  coiutoutf  ttiftt  outire  rcljjiace  can  be  placed  upou 
the  observnlioii.  Tlie  giiiduii)  cliaugc  of  density,  wtucb  is  tbu 
indicntiou  of  di»sociuciun  undiir  sucb  t-'ircuutstaiicos,  is  eltikiuijly 
illiuitruted  by  the  vitpar  of  siilpUiir,  TIuj  vapor  dvitxity  of  Uiis 
cl«ni«)itaiy  siiWiauoe  at  t^nipumturcs  nL--ar  it«  boil  irij;- point  is, 
acGOnling  to  Iteville,  G.C2  (rcftrrud  u>  air),  w)iid)  cori'*»puuds  very 
oloMly  to  the  tlieoretical  density  for  ^.  Alwve  000"  the  density 
gradually  diminishes,  but  Woonic^  constant  again  at  alraut  800°, 

»and  above  this  the  density  is  2.2S,  which  correspon<U  to  the  sym- 
bol .%.    A  still  more  striking^  illustration  of  the  same  principle 
ii  funiished  by  the  recent  experiments  of  Cmfts  and  Meier  on 
the  density  of  iodine  vapor  at  high  temperatures  and  low  ten- 
qiooa.     Xhroiijih  quite  a  wide  variation  of  temperature,  Wtwccu 
350°  and  700°,  the  density  of  the  vapor  is  8,8,  which  convsponds 
cIomIv  to  Uie  tbcorctieul  density  for  /■/  where  7=127.    But 
above  700°  Uiu  d«D«ity  j^^dimlly  diiuinisbcs,  and  ul  1,500°  a^in 
bvconies  constant  at  4.6,  which  is  nearly  ihc  tlieort;tic(tl  density 
a  gas  would  have  whOiSa  molecules  wev«  isolated  atoms  of  io<Un& 
ViiAor  and  (Jarl  Meyer  in  their  experiments,  at  hi^h  tempera- 
tures, on  tbe  density  of  chlorine  gas,  as  well  as  iodine  vapor,  only 
succeeded  in  redncing  the  density  in  either  case  to  two  thirds  of  the 
normal  values.     Uut  they  experimented  at  tlie  tension  of  the  air, 
wliile  Crafts  and  Moier  worked  with  a  mixture  of  air  and  iodine 
vapor,  in  which  the  tension  of  the  vapor  was  comparatively  small, 
^«ad  tbi«  ciruumstonco  fully  cxpUius  tJte  di&'erence  in  the  results. 
KKob  only  doos  a  low  tension  favor  ditwociattoo,  biitv  as  Kegnaolt 
Hbu  sbowD,  tlio  lower  the  t«nsi(>n  the  more  nearly  dooerifonn  sub- 
"itana"*  obey  Uic  law  of  Mariotlo.  and  therefore  the  more  closely 
will  th«  observed  density  agree  with  the  theoretical  value  ({  13). 


IM 


THKiMOLYStS,  01  DlSSOCUnOS. 


n-i 


A  change  of  vmpor  density  similar  to  that  josC  detcriM  it 
•oinetimea  obsen'oi  ueui-  Uiu  iHiiljiig'poinl  of  a  voiatBm  ttii- 
SMitc*.  Tlu3  u  w«ll  showu  by  a  schca  of  detcnniniuioiu  oT  tliir 
s|>ecLfio  gravity  of  tlie  vapor  of  acetic  acid  made  by  CaboHB 
Tliis  acid,  when  iu  the  aiml  concentrated  »tat«,  boiU  »l  1 20%  ui 
tlie  specific  gravity,  of  iu  vapor  referred  to  hydrogen  at  tlie  saiH 
tempetattire  and  pressure  v>-aa  found  to  have  the  following  valuat 
at  the  tdmpentaiies  indicated  :  — 


At  125* 

45.«0 

At  170* 

3S.30 

At  240' 

30.16 

"  130 

44.63 

•'  180 

a5.i9 

"  270 

30.14 

«  140 

41.d« 

"  190 

34.33 

"  310 

SOilO 

"  150 

30.37 

■'  200 

32.44 

"  320 

3W.07 

"  ICO 

37.59 

"  -J-M) 

3U7J 

"  336 

30.07 

It  will  be  notked  that,  a.^  the  tempetature  increaaes,  the 
cilic  gravity  dinuiu»bes,  at  tirst  very  rapidly,  afterwants 
slowly,  and  doc«  not  become  constant  until  the  bcmpenittire 
lisen  125°  above  the  lioiUiig-poiut,  whcJi  wo  have  the  true 
tific  gravity  of  occlic  acid  in  the  state  of  gan.  This  givea  for 
tnolecubr  weight  of  acetic  acid  60  veiy  nnriy,  which  oom^poodi 
to  the  received  fomiuln,  C^Hfif.  The  variations  id  such  csms 
are  to  be  referred  to  the  same  causes  wtiiclt  det«>nuii)e  even  nt 
the  permanent  gnaes  alight  deviations  from  Mnriotte's  law,  and 
the  normal  density  is  not  readied  until  tJie  niulovulea  are  ao  bf 
separate<l  as  to  render  their  attraction  for  each  other  insetutbk 
It  is  only  when  in  Uiis  condition,  the  c<indit40ti  of  a  true  gas,  tlal 
equal  volumeB  of  all  substEmcea  ooDtain  the  eamo  nuiuher  of 
molecules ;  and  while  some  substances,  like  water  and  alcobol 
assume  thi^  sute  at  tcmjKiatures  ordy  a  few  degrees  above  tiiite 
boiling'point,  other  eubetanoes  must  be  heated  to  a  mnch 
tempenUuro  bufore  the  effect  of  molecular  attraction  in  ini 
ing  the  deiuity  of  the  vaf>or  oea-ies  to  be  felL  Kvi<]«ntly 
action  of  heat  in  overcoming  molecular  attraction  is  an  c0M  dF 
the  same  dau  as  diasociatioii,  and  the  two  pheuomeua  wn  lurrv 
been  consideriii<j  are  closely  allied. 

In  deducing  moleculiu-  weiifhtii  Ctum  vapor  densities  we  nuut 
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be  on  oor  guard  Mgaiiut  both  of  theae  aouraes  of  error,  and  it  ia 
only  w1h:ii  Uie  specific  gravity  r«niaius  constant  iiiKlvr  varying 
tempeiaUuo  tiiat  we  cau  deduce  any  safe  concliuitHta  TroDi  iJio 
veenllit  ubuined. 

QIJESTIOKS  AND  PROBLEMS. 

1.  How  nuuiy  timm  more  Rpnce  doea  Uto  carlwnic  dioxido  furmed 
by  l>uniilig  cliutcoiil  {Sp.  Gr.  =  'i)  occupy  thui  Uia  chanxxd  burnt  I 

Aim.  1  cubk  centimclro  (or  2  gtninnLta)  of  charcoal  yklda  3.720 
litn«.  HcDce  tbo  gp*  occupies  3,730  tirtiea  tJie  vuliuuu  uf 
tbtt  cbarujsL 

2.  How  many  IKros  of  oxygen  gns  an  r«quirod  to  Irani  I  litre  of 
Icubol  va[>or,  and  bow  maoy  Uttw  of  equ«ous  vapor,  aud  tioir  ututy 

of  cnrbimic  dioxide,  will  be  furmed  in  the  i>roce«sl 

Am.  3  litre*  of  oxygen,  3  litres  of  aquoouo  vapor,  S  Ktro*  of  car- 
bonic dioxide. 

3.  Gi^-cn  the  syiubol  of  alcohol,  C^fi,  to  Bnd  ita  calorific  power. 
Ant.  fi,-^T3  nnitx,  or  7,200  uiiita,  aatiuiiitig  that  tlie  •kviiii  furmod 

was  eondenced. 

4.  Tho  oompofiition  of  drind  pmt  is  m  follows;  Carbon,  62S.J; 
Hydfoxen,  C8.I ;  Oxygen,  292.4;  Xitrogen,  14.1.  Fiiid  tho  calotihe 
power.  Ass.  5,811  unil*. 

5.  Plod  the  calorilto  Jntenuty  of  manh  gaa  burnt  In  oxjgen. 

CW,  +  2  OO  =  CO,  +  2 //,0 

power  of  marsh  gaa,  I3,0G3.    Speci&c  hwt  of  tteem,  0.4805  ; 
<fC^',f^^ti.  Ana.  7,793*. 


6.  Find  tho  calorific  inb-nmty  of  olefUnt  gas  burnt  in  oxygMt. 
0,27,  +  300=  200,  +  2  n^O 

Sc  power  of  C^^.  1 1.SSd.     Specific  hc«t  of  *Uam  and  carbonic 
dioxide  a«  in  last  problem.  An*.  9, 1 36°. 

K  7.  Find  tho  ealoriflc  intensity  of  marah  gait  and  olofinni  gas  burnt 
'^  In  air.  Be&ides  the  data  already  given,  we  have  also  spccilic  hMt  of 
nUragen,  a344.  Ans.  3,6SS'  and  2,919*. 
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QllESTIOKS  a:9d  pboblems. 


&.  Determine  tlt«  heat  of  eombiurfiquof  if  •fJh'i 
fullo<rtng  ilata  :  —  .   , .  i        ^ ,  r 

(KBr  +  J«)  +  1  CT,  =  (JiCl  +  i  «r,  +  A9) 

i  ^,  +  i  C«,  +  Jy=  iJ/a  +  A^) 

,,  -J  >^0a+  Ag)  -H  (//«  +  Ait)  =  (A'W  +  A9) 

(KOll  +  Jy)  +  (UBr  +  ^})  =  {A-iTi-  +  Aq) 

J{Br  +  Ay  =  (ffBr  +  Aq) 


\Vt 


13,750' 
539* 

19.940* 


9.  Determine  tlie  heat  of  comkiiiation  of  S+J=  HI  tn>m  \h» 
jglbvini;  diila,  in  addition  to  tbouc  ^vcn  id  Um  Ust  ptoUtaa :  — 

(KOH+  Aq)  +  {m+  Ai)  =  (A-/  +  Aq) 
(A7  +  J^)  +  i  CT|  =  (^C-'  +  ^9)  +  i  i', 

m+Aq^im  +  A^) 

10.  Petcnnino  tlio  linat  of  com bi nation  ot  N  +  ff,  =  AV^  from  tbc 
fuUowisg  data,  in  n«ldittan  to  those  given  in  iVibI«m  6  :  — 

(iNir,+  A9)+i€l,=  {X//J7t  +  Aq)  +  J  AT,     39,871' 

(Wl  +  Aq)  +  (iV/r,  +  y(j)  =  (AY/,CT  +  jji    I2,2r)> 

Jfff,  +  J?  =  (Artf,  +  ^?)  8.*35' 

An*  ac.ror. 

11.  Dot«nDiDe  the  buat  of  coiubination  o(  B^  +  S  m  ff^S  ttca  ibt 
fgtlowing  dkln,  i»  adilition  to  Uiose  given  in  Problem  9 : — 

Am.  i,itT. 

13.  Determine  the  hot  of  comlMimtioD  otC  +  B^^  CB^,  C% 
K  C,//,.  «n.l  C,  +  Ih  -  C,fft,  knowing  tliat  th»  b««t  of  comba 
typical  hydrocarbon*  ia  M  foDowa :  — 
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CH^  +2  0t=COt+2B^O  210,000» 

Ctff^  +  3  0,  =  2  CO,  +  2  H^O        334,000« 
Ctlf,  +  i0,=^2  COt  +  JI»0         321,000- 
Ana.  Cir„ +22,000';    C»fl;, -8,000*;    (?,/^,  -64,000'. 

1 3.  Calculate  from  the  data  ^ven  in  TaUe  V.  the  amoaut  of  heat 
evolved  in  the  two  following  reactiona : — 

NH^NO^  =  2  jr^O  (liquid)  +  N,0 

11.  Analyze  the  following  reaction,  and  show  that  it  cotiesponda  to 
the  principle  of  maximum  work  :  — 

Zn  +  {ff,50«  +  ^2)  =  {ZnSO^  +  Aq)  +  Hy 

Why  is  not  a  correeponding  reaction  poasihle  with  copper  1 

15,  Assuming  that  the  symbol  of  gun-cotton  is  CaH^NtOv,  and 
that  the  heat  of  formation  ia  502,000  units,  calculate  the  amount 
of  heat  developed  by  the  explosion  of  one  gramme.  To  liow  many 
kilogramme  metres  does  the  heat  thus  generated  correepond,  and  what 
Telocity  does  it  impart  to  the  products  of  the  explosion  1 

16.  At  the  temperature  of  470°  the  S|L  (Sc.  of  the  vapor  of  sul- 
phuHc  acid  is  approximately  1.697.  How  does  this  result  agree  with 
the  generally  received  aymbbl  of  thia  compound,  and  how  do  you 
explain  the  discrepancy  1 
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iatimateti  J  Ob,  note),  tint  Uw  pfaflBomaoa  of  vision  ans  tin 
effects  of  an  atomk  nutiQii  tnmsmiliteil  &om  some  luuiinoa 
hody  to  the  tiy*  tbnmgh  oooKuimBs  lines  of  material  partielai, 
and  such  Uom  we  call  nys  of  light  This  taoticm  may  ungi- 
nate  with  tbe  atoos  of  wariam  aabsUncei ;  but  in  order  to  et- 
fbia  iLi  tnuHOBUBMn.  wa  an  obliged  to  assunto  the  existsoa 
of  a  madiuat  fiUbg  aQ  space,  of  extMme  tenntty.  and  yet  hanic 
an  alaMieity  safficMoUy  great  to  tmemit  tbe  itumuoua  piil» 
tioiu  wiUt  tbe  inciadiUe  v^oaty  at  186,380  miles  lo  a  satsud 
of  UOM.  This  madiam  «e  etU  ttw  etliei.  but  of  its  extstenoe  «« 
have  DO  definita  kBOvtodgo  axeepc  that  obtainnd  timjogli  U» 
pbeaotBena  of  light  thamdrea.  and  these  nqtura  tmumpliiM 
in  regatd  to  tfa«  con^tilntion  of  the  ethereal  tnodiuni  vrldA  an 
'  not  naliied  even  a{ipioxiinUeljr  in  the  ordinarT  forms  of  nuU^r; 
for  while  the  assumed  mBdinm  most  be  vastly  leaa  densn  tfatn 
hydngea,  ita  elasticity  tuna  Butpass  that  of  steel,  and  be  of  lb 
saoke  land. 

Aoeoiding  to  the  ondoktoiy  dworr,  tootion  ia  tmmndtlal 
(rom  [article  to  particle  alons  the  tine  of  each  luminutu  «ava 
Yen-  much  in  the  sanw  way  tiut  it  pawn  alnug  tiie  line  d 
ivory  balk  in  the  wcU-known  aipeiinMnt  of  medtainea.  Ite 
etbenal  atoms  are  thas  tbroini  into  wbvm;  and  tbe  ovdor  of 
the  pbenonteiBi  it  nmilar  to  tfaat  with  wbieb  all  on  fatnilisr  ia 
the  pxiraer  forms  of  wave  notion.  Bat  in  this  oonnecttai  n 
have  no  occasioo  to  dw^  on  the  mechanical  eooditlnns  attead- 
ing  tbe  transmisaiDQ  uf  the  nMidoiL  Hie  notaon  itwlf  niay  to 
best  conceived  as  an  oscillation  of  each  ether  particle  in  a  phM 
licular  to  the  direction  of  the  n^,  not  iiir«iinj. bow- 
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sr,  in  a  slnight  line  ;  for  tbo  orbit  of  thfi  oscilkting  inoli;cul« 
Ely  be  cith(;r  u  stmighl  line,  aa  ellipse,  or  a  circle,  as  tliu  case 
ly  be.  Such  oscillntious  tuny  cvidvntly  ilifTer  both  as  rcganlg 
aiz  *mplilud«  anJ  their  dumtion,  and  on  these*  fun<lnnieutal 
leiuculs  depend  two  impoitant  diflunnces  iu  the  eflect  of  the 
lotion  on  the  organs  of  vision ;  namuly,  intensity  and  quality, 
brillinncy  and  color. 

If  our  theory  ia  correct,  it  ia  obvious  that  llio  intensity  of  the 
Itoinods  impressioa  must  depettil  upon  ihv  forcv  uf  the  atomic 
iye&  which  an;  transmitted  to  tlie  opUo  nerves,  tuid  it  is  also 
Fident  tiiat  tliis  force  most  be  proponinnal  to  the  wjuaru  uf  tiie 
elocity  of  the  osciUating  atoms,  or,  what  amoiiitts  to  the  enmo 
ag.  to  the  squuzc  of  the  amplitude  of  the  o3«itl*tion  ;  usum- 
;,  uf  course,  that  the  oscillations  are  isochrouou5. 
The  GOHutictiou  of  color  with  Iho  time  of  oecillation  is  not  so 
Qviuus,  ami  wliy  it  is  thnt  the  waves  of  etlier  beating  with 
er  or  le^  rupidiCy  oa  the  rttiiu  sfaoulii  frroduce  such  sen- 
3aM  IU  tli<«e  of  violets  blue,  yellow,  or  rod,  the  phyaiolc^isc 
.  vholly  unable  to  explain.  We  have,  hovever,  nn  analoj^ua 
iieuoiuenoD  in  sound,  for  musical  notes  are  simply  thu  elfecta 
fiiwavea  of  air  beating  in  a  similar  way  on  the  auditory  ner\-i)S^; 
and,  as  is  well  known,  the  greater  the  frequence-  of  tlie  Ix^its,  or, 
in  other  words,  the  more  mpid  the  osciUationB  of  the  aerial  mole- 
cuitfs,  the  higher  ia  the  pitch  of  the  note.  Red  ooW  corresponds 
to  low,  and  violet  to  high  notes  of  music  and  the  gradations  of 
color  bctw«c-a  these  extremes,  |Ku»iug  tlirougli  I'arious  sliadee 
of  yelluw.  grc«n,  blue,  and  ind^,  carrespond  to  tlic  vrall-knowB 
gndationa  of  musical  pitclL  i' 

By  well-knov'ii  laeaiM  ve  cnn  meo-mro  the  lengths  of  the 
ether  waves,  and  from  Ibeae  data  wc  can  easily  calculate  the 
rapidity  of  tlie  oscillationa  which  produce  the  different  sensationa 
of  color.  The  fallowing  tahle  contains  the  tesulta.  It  must  be 
underfttooil.  trawever,  that  theee  numbers  merely  correspond  to  a 
few  shades  of  color  dsfinitoly  marked  on  tJie  solar  spectrum  by 
certain  very  prominent  dark  lines  hereafter  to  be  mentioned, 
which  are  de«i|;Daled  by  the  letters  of  the  alphabet ;  and  tliat 
e<]ually  defiiiite  viilu«s  may  be  assigned  to  the  inliuite  nomber 
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of  ii)U>rmediato  shwles  wliicli  intervene  between  these  sifaitiii; 
eubdivisiotis  of  Che  chioinatic  aoale. 
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79.  Natural  Colent.  —  It  follows,  SB  a  oeoessaiy  consequne* 
of  the  fundamentAl  laws  of  meclumjce,  thtt  nn  oscillautig  avuU 
cule  can  only  tiansmit  to  ib)  neiglibor  motion  whiob  is  isochrun 
with  it«  own.  Hence  u  »ingl«  my  of  liglit  €ftn  oaXj  pnxluoe 
definite  elTcct  of  color,  aod  this  quality  of  ttiu  my  will  be 
served,  however  far  the  motion  may  travel.  A  b«am  vf  Ij^t 
simply  a  buixUe  of  my.4,  and  if  tlie  motion  is  isochronous  to 
its  parts,  that  is,  if  the  beam  conBiats  only  of  ntys  of 
shacle  of  color,  tiuch  a  beam  will  be  vumofAropiatie,  anii  will' 
produce  the  simplest  cliromatic  sensation  poesible, — thai  of  i 
simple  color.  If,  however,  the  beam  contains  nya  of  diffinnd 
colois,  we  shall  have  n  more  complex  effect,  and  the  iufimb- 
vuiety  of  natural  tints  are  Uius  produced.  \Micn,  lastJy.  th: 
beam  contains  rays  of  all  the  colon  min^iled  in  duo  propoitim, 
we  receive  an  impression  iu  which  no  single  color  {)nMloDiinMa>. 
and  this  we  call  white  li^bt 

The  oolori  of  natund  objects,  whether  inherent  nr  imparted  br 
Tarioojt  dyes,  art-  simply  effects  upon  tlie  retina  prodnoed  by  tlw 
beau  after  it  haa  been  reflected  from  tlio  surfwe  or  tmDsniilwl 
through  the  oiass  of  the  body,  and  the  peculiar  cbrDmatJo  tBKH 
are  due  to  the  uneijiuil  proportions  in  which  the  diffetetit  oahMd 
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raj's  aic  thus  absorbed.  I^e  <olor  reflected,  and  tbat  absorbed 
or  tma^iiiitlvd,  are  always  oompleoteutary  to  «ai;h  other,  mid  if 
luiii^led  tliey  would  reproduce  while.  Il  is  obvioua,  moreover, 
that  tio  beaiu  of  Ii};ht,  bowever  moditiOil  by  reflection  or  trana- 
TitisAioii,  could  piuduce  ibe  seusatioa  of  a  given  color  if  it  did 
Dot  contain  from  ihe  tirst  Die  corresponding  colored  rays.  Uence 
it  is  that  tlie  colors  of  objects  only  appear  natuml  by  daylight ; 
and  u'heu  illuminated  by  a  monocliruniatic  li^lit,  all  colors  blond 
in  that  of  tbi«  one  pure  tint.  '    \ 

80.    CliromaUc  8p«cUa  and  Specboscopes.  — WhCQ  a  beam  of 
li^bt  is  ^iMiunl  ibruii^ii  a  glAM  pmui  plicid  A3  shown  in  Fig.  4, 

nt  < 


A 
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it;  is  not  only  re/raeUxl,  tJmt )»,  bent  from  it«  orif^'ina]  leccilineiar 
Icounie,  but  the  colorcd  ruys  of  vliioh  tiie  btiam  consista,  Iteiiig 
unt  unequally,  are  nepai'aced  to  a  greater  or  1«S9  extent,  and 
-  faltio^  on  a  screen,  produce  an  elongated  image  colored  with  a 
Buocc«si«D  of  blending  tints,  which  we  call  tbespoctmm.  The 
tvd  rays,  which  are  bent  the  least,  are  said  to  be  the  Iwtt  rtfran- 
giUe,  while  the  violet  rays  ar«  the  mott  re/rauffibie;  and  int«r- 
medinte  between  these  wo  have,  in  the  order  of  refrangibility, 
llie  various  tints  of  yellow,  green,  blue,  and  indipo.  Thu-i  a 
priitm  pvcs  an  easy  means  of  nualyzinj;  n  beam  of  licht,  and  of 
discovering  the  character  of  the  rays  by  which  a  given  chromatic 
eOect  13  produced.    Such  obaervatioas  are  very  greatly  facilitated 
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by  n  class  of  Lastramenta  called  apeetTosoopa,  and  Figs.  6  tnd 
8  vUl  iUmtiato  th«  priucipUa  of  ttitiir  consCructiou. 


?%.». 


Id  the  very  powerful  instnimeDt  fiist  represented,  the  beta 
of  light  19  passed  in  succession  tlirouglj  nine  prisms  (eaoli  Itaviiij 
an  angle  of  45°),  and  tbe  cxtrome  rays  aro  tlms  n-idejjiaepaiaud, 


n«.4L 


while  the  beam  itself  is  bent  around  neutjr  »  whole 
•Boa.  >  Tbe  onljr  other  esaenlial  parts  of  tlw  iiistrutneiit 
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linator  A  and  Uie  telescope  B.  Tlie  light  6i^t  cnt«rs  the 
alUmator  through  &  narrow  alit,  and,  liaviiig  passed  tlirough 
le  pnsms,  is  received  by  tlie  telescope.  Xlie  telesoopo  is  ad- 
justed as  it  would  be  for  viewing  distant  objects,  and  a  lens  at 
tie  end  of  the  colUmator  sen-i»  to  render  the  rays  divei]g[ing 
□m  Uia  slit  parallel,  so  that,  wlioo  the  two  tubes  are  in  lin«, 
9010  sees  tlitougb  the  telescope  a  modified  image  of  the  slit, 
Bt  OS  if  Llie  slit  were  at  a  gi«at  distance.  Jo  iike  manner,  when 
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I  pkced  as  ill  Fit;.  6.  and  when  the  lif^lit  bufore 
rpasses  tliTongh  the  wliola  scrit^  uf  prisms, 
we  still  sec  A  sin^h;  definite  image  whenever  the  slit  is  iHuininated 
by  a  pure  nionnchmmatic  light.  Moreover,  this  image  hax  a 
definite  pciiition  in  the  field  of  view,  which,  when  llie  instrument 
19  similarly  adjusted,  depends  solely  on  the  refmngibitity  of  tlie 
jht. 

Thus,  if  we  place  in  front  of  the  slit  a  sodinm  flame,  which 
lits  a  pure  yellow  ligbt>  we  see  a  single  yellow  image  of  this 
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longitudinal  opening,  as  in  Fig.  7;  iVo.  '-If  we  use  a  liUuna 
tiame,  we  »ee  a  similar  image,*  but  colored  red,  uttd  at  aoiue 
distance  from  the  first,  to  tUe  Eeft,  if  the  farla  of  onr  tmtru- 
ment  are  disposed  as  in  Fig.  8.  If  we  use  a  tha31iiini  Gmam, 
ve  in  liko  mauner  9e«  a  single  image,  bub  oolond  gneuu,  fuu] 
felling  cmn.iidtiMbl;  to  tlie  tif^l  of  both  of  the  otii«r  Lwo^,  U 
now  we  iUuminata  the  slit  b>'  the  three  Samee  umuItanAouily, 
w«  see  all  tiiree  images  ai  once  in  the  same  Klslive  |Hj«itioB  m 
before  So  also,  if  we  csaminc  lliv  flame  of  ft  metal,  which  emits 
ni;fa  of  several  (li^finilv  tk-f^ijuK  uf  reirtngibilit)',  we  see  an  equil 
number  of  definite  imugos  of  the  sUt.  If,  nt\i,  Vr-o  illaniuMe  tbe 
slit  with  sunlight,  which  ooDinuui  mya  of  all  degfvoji  of  reftai^ 
bility,  wa  see  aa  infinite  number  of  images  of  the  slit  spread  oui 
idoug  the  field  of  view,  ntui  these,  ovei-Uppiii^  each  otlier.  fcm 
that  continuous  band  of  blending  colors  which  we,'(!*U  the  solir 
spectrum.  If,  lii.^l!y,  we  examiue  with  our  iustriiment  lU«  lislil 
reflectei)  from  a  colored  auiface,  or  transmitted  thiQijgb  a  coloied 
medium,  wa  ftka  see  a  band  of  blending  colors,  but  at  tlie  saim 
time  we  observe  tliat  certain  portietis  of  the  normu  solar  spec* 
truni  are  eitlier  wholly  wauling  or  greatly  obecureil. 

With  a  spectroscope  of  many  prisms  like  the  one  rc]>rfsi.>iit«d 
by  Fig.  5,  we  can  only  see  a  small  portion  of  tbo  a|)ecLruta  at 
onca  By  mo\nng  the  tclesoope.  whicli,  f^tened  to  a  inelallic 
arm,  revives  around  tlic  axis  of  the  instrument,  dinbront  [<ur- 
tions  of  the  spectrum  may  li*  brought  into  the  field  M  vie*: 
while  a  vemier,  attached  to  the  same  arm  and  moving' ovu  t 
graduated  are,  enables  us  to  fix  the  pmilion  of  the  npeclnmi 
lines,  as  the  imnges  of  U>e  slit  are  usually  oalUKL  The  otlxr 
nwchanical  detaiU  vhown  in  the  figure  are  roqiured  !»  uidfr 
to  adjn.^t  tbo  varioas  parta  of  the  instrument,  luid  osiwdally 
in  order  to  bring  the  pnnus  to  what  is  termed  Uie  angle  af 
minimnm  deviation.  Dnt  an  instrument  of  this  mt^itude  anJ 
power  is  not  required  for  the  onlinaiy  npplicatioQs  of  the  siw 
treecope  in  chemistry.  For  ttus  purpose  a  small  instnuMiii. 
consisting  of  a  collimator,  a  sini;Ie  prism,  and  a  te]escQl>e.  allis 
a  fll«d  po«iliou,  is  amply  BuDiciuiit.     In  the  field  gf  suth  > 

■  Tb«  Mcuid  isatg'  >l>ottn  Ib  Pig:  7,  Li,iaWA  onUnarily 
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Spectroscope  the  wholu  •pccLnim  may  bo  m«q  at  onco  ;  and  ihe 
position  of  tho  spoctrum  line*  is  very  easily  dcUinniued  by  means 
of  a  photoj^phic  K*le  placed  at  one  side,  nod  seen  by  ligbt 
reflected  into  tfa«  telesct^  from  the  face  of  tbe  prism. 

The  various  p«tts  of  tiw  iiistruinent,  as  smoged  for  obserra- 
tion,  are  sIwwd  in  Fig.  8.  ^  is  tbe  collimator,  P  the  prisin, 
and  B  tho  telescope.  The  tube  0  cuuricK  tlie  photographic 
scale,  and  has  at  the  end  ncarciit  to  the  prism  a  lens  of  such 
focal  length  that  the  image  both  of  the  slit  and  tlio  scale  may 
be  socn  thtongh  thi>  telescope  itt  the  samo  time,  the  one  append 
iog  pniJecMd  upon  the  other.  The  screw  e  servos  to  adjust  the 
widUi  of  the  slit    Moreover,  one  half  of  the  length  of  titc  slit  Is 


rt(.s 
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'covered  by  a  aniall  glass  prism,  so  arronr-ed  that  it  reAects  into 
the  collimator  tube  the  rays  from  a  lamp  placed  on  one  side. 
B'Thus  tlie  two  halves  of  the  slit  may  be  illuminated  indepen- 
dently by  litj^ht  from  (hfl'erent  sources,  and  tlie  two  spectaa,  which 
are  then  seen  euperimposed  upon  each  otlicr  (see  Fig.  9),  exBctJy 
B  compared.  The  various  screws,  which  appear  in  Fig.  8,  are  used 
for  adjnslin^  the  difTcRrnt  parts  of  tho  iiutrument. 

81.  Speetram  Analysis.  —  Tbe  atoms  of  Ui«  different  chemical 
element^  wlico  rendered  InmiDous  under  certain  definite  condi* 
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tions,  ftlwaya  «mit  light  whose  color  is  more  or  leas  cbanotu- 
utio,  and  which,  wbeu  atnlj-zed  with  the  speouosoope,  extiiUt 
spectra  eimilar  to  those  which  are  represenlwl  in  Fig,  7,  »  fir 
A3  ia  possible  without  tJie  aid  of  color.  SoDietiuies  we  ue  ooljr 
a  sittgle  line  in  a  definito  position,  as  in  Uie  case  of  No,  Li,  ad 
7^  already  lefeirod  to.  Al  other  tinted  there  are  oeveial  indi 
lines ;  and,  still  more  frec|Ui;nlly,  to  these  lioea  (or  deflnite-JHta 
i^es  of  the  slit)  ther«  are  superadded  more  or  leas  exted^^l 
portimis  of  a  oniittnuous  spectrnm.  Moreover,  not  only  is  tlu 
ganeral  aspect  of  each  spectrum  exceedingly  chaiacteristic,  btt 
Htm  occurrence  of  its  peculiar  linos  ia  also,  so  far  as  we  know,  aa 
4bsolnt«  proof  of  the  presence  of  a  given  eiomont,  and  these  lincB 
tnay  be  readily  recognized  by  their  position,  e<.'en  whun  the  Aix- 
acter  of  tho  spectnim  is  othurwise  obscure.  It  is  evident,  tbot 
that  we  have  liere  a  principlu  which  admits  of  most  important 
appliofttionit  in  chemical  analysi-t,  and  it  only  remains  to  oou- 
aider  under  what  conditions  the  eleiuentaiy  atoms  emit 
oHaraot«ri»tic  li^ht. 

IirsL  All  bcHlies  when  intensely  heated  are  rendered 
nous,  and,  other  things  being  e<|ual,  the  higher  the  tempeiWifB 
tJie  more  intense  is  tbe  light  The  brilliancy  of  the  light  emitted 
at  llie  same  temperature  by  difTurcnt  bodies  varies  veiy  grauiy, 
the  densest  bodies  being,  as  a  gi'nend  rule,  the  most  int^ose^ 
lomtnous. 

Secondly.  Solid,  and  also  Iii|uid  bodici  if  opn<]Uo,  emit  whni 
i^ited  white  light,  or  at  lea-st  light  which  sltovs  with  tbe  spao- 
troscope  a  cnntinuoiis  spectrum  more  or  less  extended.  At  a 
red  heat  the  light  from  such  bodies  oon»ista  chietly  of  r«d  layi^ 
but  as  the  temperature  rises  first  to  a  white  and  then  to  a  fcliM 
haat,  the  more  refrangible  raya  become  more  abundant,  nA 
liiuilly  predominate 

Thirdly.  Tlie  elementary  substanc«8  give  out  tjieir  peouliR 
and  chamcteristic  light  only  in  tlia  8tal«  of  gas  or  vapor.  HcmA 
wlien  we  examine  with  a  spoctroscojie  a  sonroe  of  light,  we  out 
infer  that  a  continuous  spc«trum  indicates  the  presence  ttf  aobi 
or  liquid  bodies,  while  a  discontinuous  spectrum,  witb  dflAllte 
lines  or  images  of  the  slit,  indicates  tlte  presence  of  gases  and 
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Ivapon ;  and  in  tbe  last  case  we  can,  as  has  keen  aeen,  infer 
from  the  position  of  the  lines  tliu  ualun;  of  the  lumiDous  atoms. 
■It  would  seem,  however,  fivtu  recent  investigations,  tliat  ander 
.certain  conditions  even  a  gas  tuay  show  a  continuous  spectrom, 
LODil  there  are  other  Memiag  uxcvptiuua  which  luimonisl]  us 
ithac  the  general  pnociples  just  eAoMd  should  he  applinl  with 
caution. 

»     Fourthly.    At  ilie  very  high  temperatures  at  which  alono 
gases  or  vapors  become  lurainoas,  couipouuii  botltes,  as  a  rule, 
appear  to  1>e   decomposed,   and  tlie  elementary  atom.i  disso- 
ciiLl«>L     Hence   the   observaticins  with   the   spectroscope   have 
^Lbeen  almost  entirely  conlined  to  the  spectra  of  tbe  elementary 
B  siibntancea,  and  our  kni'wk'd^'v  of  the  spectra  of  compound  sub> 
W  stances  is  exceedingly  liiiiit^^'d.     In  some  few  viisi-s  where  the 
spectnun  of  aconijiound  lias  L««u  olitained,  it  has  been  noticed 
that,  as  tho  teinjienUure  rises,  Uiia  spectrum  is  suddenly  re- 
8olve4  into  the  .separate  apectra  of  tlte  elements  of  which  the 
I  compound  consists. 

Fifthly.  At  a  high  temperatJife  tlie  metallic  atoms  of  a 
ipound  body  are  far  more  luioinuus  thim  those  of  the  other 
aentary  atoms  with  which  they  rid  associated,  ilence,  when 
tbe  vapor  of  a  metallic  ctmipouud  is  rondured  luminous,  the  li^ht 
!  emitted  is  so  exclusively  tliat  of  the  inelidlic  atoms,  dissociated 
'  by  the  heat,  that  when  Gxainiued  witli  tlie  spectroscope  tho  spec- 
trum of  the  metal  is  alone  Been ;  and  this  is  the  prohahle  expla- 
nation of  tlie  fact  that  the  salts  of  tlie  same  metal,  when  treated 
as  will  be  dcscriWd  in  tliu  next  para^^ph,  all  sbow,  as  a  general 
rule,  the  same  spectrum  as  tlie  mvlid  itself. 

(Lastly.  The  subatonce  on  which  we  wish  to  experiment  may 
be  rendered  luminous  in  several  ways.  If  tho  subttonce  is  a 
volatile  metallic  salt,  tlie  simpli^t  method  is  to  expose  a  lx>ftd 
of  the  substance  (supported  on  a  loop  of  platinum  wire)  to  ll>e 
flame  of  a  Buniien  burner  (Fig.  8),  which  by  itself  burns  with 
a  nearly  non-himinous  flame.  The  flame  soon  becomee  tilled 
witli  the  dissociated  atoms  of  the  metal,  atid  shines  with  their 
peculiar  light. 

Jn  order  to  study  the  spectra  of  the  less  volatile  metals,  Uko 
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aluminnm,  iron,  or  nickel,  we  use  two  needles  of  the  metal,  ami 
pass  bctwovn  tliv  points,  wben  about  one  fourth  of  an  inch  apul. 
r^e  e1«ctrio  dtschar^  of  n  powerflil  RuhmkoTfT  coil,  condenaad 
by  a  large  Leyden  jar.  The  motul  is  volatilized  by  the 
the  electric  current,  and  the  apnce  between  the  points 
filled  with  the  intensfily  ignited  vapor,  which  then  ahinus  with 
its  cIiarEtctcristic  light* 

In  a  similar  way  we  can  experiment  on  the  penuanent  guei 
and  lighter  Taponi,  endoaing  them  in  a  glasa  tube  with  pUlioan 
tlcctroilcs,  and  before  sealing  the  tube  reducdog  the  tension  with 
ati  air-pump,  wh<»i  the  dischai^e  will  pass  tlux>ugb  a  length  uf 
Hcveral  incites  of  the  attenuated  gna.  The  light  tlien  emitteii 
•:nnic3  IVom  the  atoms  or  molecules  of  the  gus,  and  where  ibe 
uli^otric  current  is  oondensed,  aa  in  the  capillary  portion  of  the 
tubes  conatmcted  for  tliin  purpoAe,  tlie  light  ia  suiliuiotitly  intense 
to  be  analyzed  with  the  spectroscope. 

The  three  different  modes  of  experimenting  just  descnbed  di 
not  by  any  means  always  give  the  same  spectnitn  when  appliod 
to  the  saini.'  chcmicsl  element.  It  constantly  happens  that  as 
Uio  t4:niperaturc  rises  new  linos  appear,  wbich  are  usually  iboM 
corresponding  to  tlw  mora  rvfmngible  laya.  and  at  the  very  hi)ib 
t«inpetaturea  generntod  by  the  electric  dischai^ge  many  oC  the 
spectra  change  tJieir  whole  asjicctL  The  ill-defined  broad  hands 
or  luminous  spaces  whicJi  are  so  eonspieuons  at  a  low  tenjpeia- 
ture  (.tee  Fig.  7)  disappear,  and  are  refJsced  by  a  gruator  <c 
less  number  of  doRnite  spectrum  Une&  (lenemlly.  however,  tba 
characteristic  lines  which  mark  the  element  at  the  lower  teu|Kf- 
aturu  are  seen  abo  at  the  higher ;  but  sometimes  there  ia  a  sad- 
den and  complete  chai^  of  tbe  whole  spectrum.  The  cause  «f 
these  differenoea  is  not  fully  undorstood,  but  it  lias  been  tbought 
by  aome  investigators  tliat  tho  normal  spectia  of  the  alemeotaiy 
atoms  consist  of  bright  bands  alone,  and  that  the  more  or  Im 
continuous  spectra,  which  are  aUo  seen  at  the  tower  temp4iiatiut%_ 
are  to  be  referred  to  the  iinpctrfect  dissociation  of  the 
whose  mutual  attmcttiins  or  partial  combinations  produce 

*  An  rlMtfK  qwrk  u  ia  vvpif  casv  merely  «  biio  of  nutnrial  )«rticl(*  i 
Iniiiiiiun*  by  tho  ontnnl. 
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ot  ag^rret^oQ  approaching  Uio  comUiiou.  wiiidi  dotcrtuUu^  iiia 
contanuous  spectra  of  liquid  ur  BoUd .  bu<iKtt.  ludvcd.  there  it, 
r«awn  to  believe  tliaC  tliv  i'uiiiiirkttl>W  transformations  wiituh  huve 
heen  observod  in  ilm  Hpccira,  ol'  mmus  of  tli«  metals,  wliuu  tlieir 
vapors  Imve  been  rendered  luminous  b;  th«  discharge  of  a  very 
K  powerfnl  itiduction  coil;  are  iu  £ftot  indicatiutis  of  tlie  disso- 
'  cinLiDii  of  what  we  have  hitherto  n^urdnl  as  vleuKitLtur>-  suit- 
stances.  'I   Sill   (Hi  JiT^inil—t 'A  [ 

82.  DcUoaor  of  tli«  HethoO-  —  Haviiijj  now  ilMUul  tlio  ^voend 
principles  of  spectrum  aiinlysis,  and  tlie  <xiiidii>tuus  under  which 
these  priuciplits  may  be  appli«<t,  it  need  only  be  added  thjit  tliu 

Itnetliod  is  ono  of  cxtieme  dulieai^y.  It  enables  us  ta  detect  wou- 
derfully  minute  qitantitie*  nf  many  of  the  ntetaltic  elements,  and 
bM  ulrvady  led  tu  Uio  di-svovery  of  four  elements  of  this  class 
IKfcich  had' eluded  all  metbods  of  investigation  previously  em- 
ptoyotl.  Tlie  names  of  theoe  elomento,  rnbidium,  caesium, 
thallium,  and  indium,  all  refer  to  the  colur  of  their  most  dior- 

■  actemt)C'B]>ectrum  bands.*  ,^^   ,,. 

S3,  Sobu  ana  Btellai  CbvnUatry.  —  When  a  beam  of  sunlight 
is  examined  with  a  pDWvrlul  tpi-clixKoot>e.  Uiu  sular  spectrum  ia 
seen  to  be  crossed  by  an  almost  counllesa  number  of  dark  lime, 
disCrit>ut«d  with  no  apparent  n^ulanty,  end  dilTuriiig  vei}*  greatly 
in  rehiiive  strength  or  inbeaisiiy.    These  litii»  wuro  first  accu- 

■  tutoly  deAcriliod  by  the  Uensan  optician,  t'muiihofcr,  and  have 
H  since  been  known  as  the  Frauohofer  lines.  A  it-w  of  Uio  rnost 
H  {MToniini^nt  of  these  lines  are  sltowa  in  Fig.  T,  with  the  letters 

■  of  tiie  alphabet  by  which  they  are  designated.  These  lines,  like 
the  briftht  lines  of  the  elomenta.  correspond  in  ever)'  case  to  a 
definite  degree  of  lel'rengibility.  and  tJi«rBfore  have  fijted  posi- 
HoiM  Ml  the  scale  of  the  spectroscope.  Muroover,  what  ts  very 
remarkable,  these  positions  are  in  several  oiues  absolutely  the 
same  Its  Uiuse  of  certain  wvU-kuowu  bright  Iiuei& 

lb  is  easy  to  constntct  the  s^KHitniDCopu  go  that  the  upper  and 
lower  halves  of  the  sht  may  he  illuminaLed  fix>m  difTi-rcnt  sources. 
Uiun  we  admit  »  beam  of  sunlight  Uiroiigb  otio  half,  and  tlie 

'  Thf  iliircTMit  tMnds  of  Iha  nme  alpm'nt  tn  luunllj  lUiItuguulwil  bj  Gieok 
[Utttn,  (aIlowin)[  the  onler  of  rcktira  biilluoiry. 
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light  of  a  Hodium  iUme  through  ths  other  imit,  wo  shall  have  tie 

I  two  spectra  superiiii[>ase(I  in  tJie  sanie  lield,  as  in  >'ig.  9,  and  it 

will  be  seen  that  the  two  parts  of  the  sodium  baoii,  wUlA  Bjf 

pean  aa  a  double  line  tiuder  a  high  po%\'(ir,  ojincide  uhaolalelf 

ifi  posiltoa  witli  the  double  <krk  liiw  I>  is  (Jie  solar  spMtm 

But  a  Htill  iDon;  striking  cotucidcucu  has  beeo  obsfrrvi-d  in  Um 

1^  of  irou,  for  ihc  eighty  wcU-murkcd  liriglit  lines*  in  thu  spec- 

ttriUQ  of  this  mvtid  corimpund  alMOluteJf,  both  in  poailion  and 

,111  siren jUi,  with  eighty  of  tiie  dark  liorn  of  the  wiUr  Rpectrun. 

1  ^ow  the  chaaeea  ti^'  auch  couKidenoea  ate  tb«  retntli  of  meo- 

lAeut  are  not  one  io  one  billion:  biUioa;  and  we  an  tfaereAit 

I  compelled  to  believe  that  tha  two  pheQomeiui  must  be  counecwd 

^A  simple  expi'Hiiieiit  shows  what  the  iBlatiun  pruLably  ta. 


■ 

1 
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L 

1 

M 
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If  wo  pl-tcc  before  the  specttuacope  a  sodiiitn  HaniR.  we  Me;! 
course,  the  familiiir  double  Una  If  now  wo  place  behind  Uie 
sodiuoi  flame  a  candle  flamo^  so  tliat  th«  candle  altw  shinM  into 
tlie  slit,  but  only  through  tW  mmUuiu  flane,  we  shall  see  (he 
same  bri;;ht  lines  projuclvd  U|xi»  the  oontLnuous  siMx-tTvm  dl 
tJie  candle.  If,  however,  we  put  in  place  of  the  candio  an  elec- 
tric lightv  we  shall  find  that,  while  the  continuons  epactnun  U 
now  far  moro  brilliant  than  befoi«,  the  sodium  liiiea  st^Mir 
Unptb  lite  explanation  of  tJiis  singular  pbeoomeiion  i«  to  b« 
found  in  a  )irinciple.  now  well  BStabliBbed  both  theorMicallj' 
and  experimeuUUIy,  that  a  muss  of  luminous  vnpor,  while  ntlia^ 
wise  transpatcnt,  powerfully  absorbs  rays  of  tba  same  reftai^ 
bilitjr  as  those  which  it  emits  it««lf.  Houce,  in  our  experiBMrit 
the  rery  small  portion  of  the  spectnim  covered  by  tb«  Bodna 
line  is  illumioattsd  by  th«  sodium  dame  alone,  white  all  tlie  real 
of  the  epoctrum  is  illumioatdd  from  the  soarce  behiod,  and  Um 
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eflcci  is  meielj  one  of  oontiast,  the  sodium  liaea  apiiearing 
U^lil  or  dark  aijcording  aa  tbey  are  bngliter  or  darker  tli&u  tbo 
ooutiguouB  portions  of  tlie  spectrum. 

In  a  similar  waj  the  bri<|;ht  lines  of  a  few  oth«r  elements  have 
been  inverted,  aitd  Lheiu  experiments  u-oidil  lead  us  to  infer  that 
the  Frannfaofei  lin«H  themMlves  are  foriQed  by  a  brilliaut  photo- 
sphere shilling  ttirongh  a  man  of  less  luminous  gas.  In  other 
words,  it  would  iippcar  that  tlic  Ktin's  luminous  orb  is  snrrouuded 
by  au  imnteuw  aCiuoepbere  whicli  interce^its  a  portion  of  his 
iay«,  and  that  we  see  aa  dark  linea  wliat  would  appear  as  bright 
baa(ia  oould  we  examine  tite  light  from  tlie  atnitiyphcre  alone. 
This  can  readily  be  done  when  tlie  sun's  luminout)  di«k  is  COV7 
cied  by  the  moon  at  tiie  time  of  a  total  ecHpfto,  and  ttittn  bright 
Liands  corresponding  to  tho  more  prominent  dark  lines  liave 
been  seen  with  great  distinctness.  ^flB 

The  darit  Unas  of  the  solar  spoctrnm  have  been  roSsOarefully 
mapped  aod  eomparcd  with  Ihv  spi<ctra  of  the  knoVn  clementa, 
and  all  the  rcmnrces  of  pbotn^'nipl^'  have  bc-cn  u«cil  to  &cUitate 
and  insuVc  aociiratfy  in  Uie  comparisoa  ;  and  ft  appsini.  not 
.only  that  the  lines  of  many  of  our  supposed  terrestxial  elements 
not  found  in  the  sokr  speclruro,  but  alito  tlial  there  are  a  large 
number  of  solar  lines  which,  ho  far  as  we  know,  do  not  ourre- 
spond  to  any  of  tlie  known  elements.  Still,  as  new  elements  are 
nut  uufniiiuently  found  on  the  earth,  we  should  not  Ik  surpnseii 
Rnd  many  new  forms  of  elementarj'  matter  at  the  centre  of 
the  solar  system,  and,  on  the  other  hand,  it  is  ])ossible  that  some 
of  our  elementary  sabstancea  may  be  dissociatett  at  the  high 
temperature  of  the  sun.  Indeed,  a  part  of  the  complexity  we  see 
in  tlie  solar  spectrum  may  arise  from  the  formation  of  what  we 
call  elementary  substances  at  one  point  of  the  sun's  atmosphere, 
and  tJtoir  decom]K)Bit  ion  at  another  where  the  heat  is  more  intense: 

»It  eboiild  be  remembered  in  this  connection  that  the  meteorites 
have  brought  to  us  no  new  elements,  and  their  evidence  there- 
fore, aa  far  as  it  goes,  points  to  the  conclusion  that  the  material 
of  the  sun  would  not  differ  essentially  from  that  of  the  earth 
under  tlie  same  conditions  of  temperature. 
It  thus  appears  that  the  dark  and  the  bright  lines  are  tlie  same 
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pttenominis  eeoa  ander  a  differeot  aspeotk  and  tJie  one  as  well  u 
the  otbor  muy  be  used  to  idoutify  tlie  diOerant  chetukal  ele> 
tuettta.  lleiKip,  then,  tbera  must  be  boUi  iron  aad  sodiuin  ia 
tlie  sun's  attnwphGre,  aud'  fur  tlte  samo  rtriuuii  we  cuuclode  tiul 
OUT  liimiiKir]r  tnvut  contain  hydiDgttu.cikluium,  luat^eaiam,  nickeL 
chromiuio,  biuiuin,  ooppn.  and  ziiio.ii>ji"iiti  in  n  >'i,,i  >.. 

If  next  w6  iiira  the  Rpectioacope  ^da  8ont«  of  the  brighter 
Exed  Stan,  wo  se«  coatiDUDus  spectra  like  tlie  solar  »pei-tiuia. 
of  igVRat«i-  or  Itss  exteot,  and  covered  by  dark  liaea.  A  caivful 
comparison  oi'  these  lines  would  seem  to  indicate  that  the  stars 
differ  very  greatly  from  each  other,  alt^ugli  in  goaeral  thoy  hk 
l>Ddi«a  similar  to  our  sun ;  and  if  our  Uiooiy  is  oorred^  we  bava 
l}een  able  to  di-toet  the  pivscnco  oC  sodium,  [uagaeaiuio,  bydiv- 
gm,  onlcimn,  iro)>,  biMinutli.  tvllnriuiu,  nnuutouy,  omd  mercui}' 
iu  AliWlHitan,  aad  other  eli-jiii»it4  in  other  atars. 

The  tnoRt  remarkalile  result  of  stellar  cliemiatry  rentains  yet  U 
be  notlrad.  Un  examining  tlie  nebula  with  the  spectroaoop«,  JX 
baa  been  fonud  that,  whiie  sunii:  of  them  show  a  contiouuu 
spectrum,  ihem  arc  ii  nunibur  of  tlioiie  remarksble  bodies  whwii 
exhibit  (he  phenuiiiun»  of  bright  littcs.  This  would  ]e«d  us  lo 
the  conclusion  tbaC  the  but  ara  ivaUv,  us  tlw  nebular  ibeoiy  is> 
eura(«.  masses  of  incandescent  gOA,  while  the  Grtb  are  not  Hue 
nebulic,  but  siniply  clusters  of  vciy  ilistanl  slan.  An  exaiuina* 
Uon  of  the  oameca  has  oonfirmed  the  previous  ooodusioii  ihil 
tlu>y  hUq  are  mere  masses  of  gtH,  but^  singularly  eaough,  tfa 
li^bt  from  the  coma  of  one  of  bhoae  bodies  ^ve  a  co 
gpecttnim.  due  probably  to  reflected  suaUght 

84.  Absorption  flptctra.  —  When  a  luminous  flanM  is 
with  a  spvtftioscopo  through  solutions  of  various  dil&rent  nb- 
sMioes.  tbt  otherwise  continuous  speelruni  of  tlte  fiame  is  sho 
to  bs  interrupted  by  broad  bands,  which  have  a  definite  poaitiok 
and  are  often  a  valiisble  weans  of  recognizing  tlie  presenmaf 
such  Bubotances.  This  absorption  spectrum,  as  it  is  calleiL  b 
simply  the  rererse,  tbe  "n^ative,"  of  the  lumiaous  spectnun  of 
the  same  element 

For  example,  the  salts  of  Didyminm   ffive  a  very  chanfr 
toristic  and  wull-defiucd  absorption  spuctrum,  whicU  ia  in  fcci 
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tlw  only  8UT«  t«si  wo  possotw  for  tliie  n.-inArkablo  elenieiitary 
tubstaafle;  and  m  the  bauds  may  uncter  somo  conditions  be 
M«u  vith  reHeoted,  as  well  aa  with  transiuiuod  light,  we  v»y 
apply  the  tetit  even  to  oiiaque  solids.  Also,  the  satue  ab»orptiaa 
bands  ate  obtained  either  when  tho  light  is  tiuutiuttcd  through 
a  liquid  solution,  or  through  a  toUd  ccjTBtal  of  any  aiiU  of  tJ» 
ineta) ;  and.  ii»reov»r,  tire  incatutoscQot  vapor  of  tlio  nict«l 
aboWB  bright  bctnJt!  curntsponding  to  iha  dark  iMuids  in  pMiltOD. 
bcso  fa^Tts  would  seem  lO'  show  tbiit  tlte  obaract«rititio  apcctnim 
&nd9  of  nn  vlcment  may  be,  at  least  ba  some  extent,  iudepeiideiit 
9th  of  ihw  state  of  ags^i^igation,  and  of  the  oonditton  of  conibi* 
ition  of  Uift  elementary  atoms. 

Many  auliAtances  besides  tho  compouuds  of  the  element  juat 
tJced  give  chancteristic  abeorptioa  spectra,  which  luive  been 
>QDd  to  be  useful  chemical  tvsts,  cspedally  in  the  case  of  blood, 
'  and  certain  other  bodies  of  organic  or^pn.  Tha  most  remarkable 
phenomena  of  this  class  are  thi;  ab§Qrption  spectra  which  ara 
seen  when  a  luminoos  flame  is  viewed  with  a  spectraecope 
throtigti  various  cutored  rnptnn,  such  as  tliosu  of  nitric  peroxide, 
bromine,  and  iodin<\  The  dark  bauds  are  then  vary  numeroits, 
and  in  some  casi-^  may  ba  retolvbd  iuto  well-defined  linesi.  In- 
d«ed,  tlM-  abs^rptimi  handa  are  a  cli«s  of  plionomcna  closely  allied 
to  tbfl  Fraunhofer  lines,  many  of  which  are  known  to  result  from 
the  aliftorptiim  by  the  earth's  atmoipherc  of  solar  tays  of  certain 
(Ir>greeA  of  refran^'ibility ;  and  all  these  facta.  wiUi  many  others, 
pit>\'e  that  gase«  and  vapors  may  exert  their  peculiar  powor  of 
elective  abson)tion  at  the  ordinary  temperature,  as  well  as  when 
iiicandesotint  As  a  gmeiul  nile,  however,  th«  absorption  bands 
are  not,  like  th*;  bn'ght  llnm  of  the  metallic  spectra  or  tJicir  rep- 
resoatativcii  amon'^  tli«  dark  linM  of  the  solar  spectrum.  dcKuite 
ima<^  of  the  slit^  but  Uicy  are  darker  portions  of  the  specbum 
more  or  le»a  re^ilarly  ahadod,  and  onncspond  bo  Uie  broad  bands 
or  Inniinous  spaces  in  tho  itpectra  of  tho  metallic  vapors  wh«u 
not  intensely  heat«d.  In  each  case  the  effect  results  fh>ui  Urt 
blending  of  a  j^pfrstcr  or  less  number  of  iin^ea  of  tJic  slit,  difler* 
jn^  in  n'lative  position  and  int«nsit7. 

65.  nMorr  of  EzohansvM.  —  The  facts  of  tho  last  two  sections 
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are  all  iUustiation*  of  a  g^acrel  pduciplo  alreaily  leferred  wia 
ounnectiou  wiib  tbe  levcnul  ot  tlie  sodiuiu  speanuu.  Tliis  pruf 
eti'lu  u  known  as  ilje  "  Theory  of  J£xclui»giV  aud  U»»  hwu  autai 
aa  follows :  "  X>i6  Fultttion  botwven  tiui  puvtvr  of  emission  Mnd 
power  of  ab»orpuou  /or  Kick  trinii  <^  rajf»  (ligbl  or  beat)  u  (U 
same  for  all  boiiies  at  iti«  sacue  temperatUR. ,  .  .  .  Leit  li  deam 
the  ioteusity  of  mdtalion  of  a  {jnrUclc  foragivtu  <luiK»i))UMi  ot 
lijifUt  at  a  given  tempemlure,  aud  let  A  dviioi«  litu  propoitM 
of  fays  of  this  description  incident  on  the  iHu-ticte  whicb  iX  lif 
aorbs ;  then  It  -i-  A  lias  tiie  same  value  foi  all  boO  ia  at  the  aauM 
teniperatAire,  tliat  is  to  say,  this  ({uotiAiit  is  a  f'lmutiou  of  ibd 
tfiiuperature  only." 

Tbe  law  of  exchanges  finds  ita  widest  application  in  tiia  pbt- 
DOtneua  of  ndiaitt  heat,  and  so  far  as  experiments  liava  baa 
made,  it  appears  to  be  tnie  in  ita  grfiftl«sl  geoenlity.  In  appljF- 
iug  it  to  ex|>1aia  the  rt-versal  of  tbo  sptKtnt  of  Colored  Sainw.  we 
have  only  to  deal  willi  a  siti<;le  body  in  its  ruUtions  u>  t»yt  tt 
diflerant  qualities.  If  tlte  prindplc  it  tnie.  tlie  absorUioK  yiiNt 
of  such  a  body  at  a  given  temperature  must  bear  a  tixvd  ntia 
to  it.i  jtowi^r  of  emission  tar  each  kind  of  ray.  If,  for  u\ainfilft 
it  has  a  great  power  of  emitting  certain  rays  of  red  ii}{bt,  it  liai 
a  projMrtionaUy  great  power  of  aVisorbiug  tbv  same  rays.  U. 
again,  it  has  a  feeble  power  of  einittuij;  viulut  tuys  of  definite  1 
quality,  its  power  of  absorbing  such  rays  i«  proportionnDy  feebk  I 
and  bears  tJie  same  ratio  to  tlie  power  of  emission  u»  lie&R;  | 
and,  lastly,  it  has  no  power  of  sbeor]'^"^  ^^^^  «ucb  nys  wi'tt  | 
does  not  it»e1f  emit.  Moreover,  it  would  follow  tliat,  alUHNfh  J 
tlie  relatiim  of  thv  abaorbiHg  to  tbe  radiating:  power  luij^tittiQ 
very  (.TciUly,  na  that,  as  tlie  lempemture  hlle,  tlie  last  luay  ka- 
come  iuoonsidcmUe  as  eompnied  witli  tlie  firBl,  or  even  Tauu^ 
no  essential  change  in  tiie  cbareoter  of  Ibo  olective  iili9oqiti>«i 
would  be  thus  induced.  Hence,  we  tliould  exix*ct  tbot  b»di« 
would  absorb  when  cold  rays  of  the  some  quality  vbicb  linj 
emit  when  hot,  and  al«o  lliut  opaque  solids  wben  Imtted  wouU 
emit  white  lijjht.  Wo  bavu  seen  that  the  geiieml  order  of  tbi 
jibenomena  is  lliat  which  the  law  of  exclian^^os  would  imdio; 
and  bete,  for  tbe  prc^nt,  our  knowledge  stops.     Wo  luive  ai  jrf 
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)e  to  form  Ho  A&tlsr&ctory-  tliooTT  in  regftrd  to  tTi«  Tflt 
lations  of  tjie  molecular  Htructitrc  of  bodies  to  the  nteilium 
thtT)it}{h  wbk-li  Ihv  waves  of  Ugbt  or  hcnt  niv  transmittecl.  It 
is.  liowerer.  wortliy  of  notiwi  tliat  Euler,  one  of  the  earKeHt 
and  ablest  iiivcxtii^alots  <.>f  untluUtory  mntion,  predicted  the 
discovci7  «f  the  Uw  of  exchanges,  in  assuming,  as  a  funda- 
nii-ntnl  imnnjilfi  of  tliD  undiilat^ry  theory,  that  a  btnly  cau 
only  abM)rb  iMcilhtioDB  isochroQuus  with  thuse  of  wliicli  it  is 
thself  snsceptible. 

8G.    OesBTal  Conelttaioua.  —  The    facts  that  have  hofin  t)tat«d 
,  jn  thia  chapter  am  suthcient  to  ghow  thAl,  nllliough  yt^t  iu  its 
ifaocy,  spoctrum   analysis   promises  U>  be  one   of  the  mosc 
powotfiil  iostniinents  of  >nv(»itigfttton  ever  ftpjilied  in  physical 
•ci<>occ.    It  »eeni.s  to  bo  tbo  k«jr  which  wi]I  in  time  open  to 
!     our  view  the  molecuhir  rtmctwro  of  matter  j  and  even  now 
^Lttie  KdultA  actually  obtained  sng$[e»t  apeculation^t  of  the  most 
Hsntflresting  character   in    regard    to  its  tdtiinate  oon^tution. 
■  The  aeversl  monochromatic  rnya  which  the  atoms  of  Ui«  tin- 
meuts  emit  must  receive  their  peculiar  character   from  some 
^motion  in  the  atoms  thcmMlvcs  which  is  isochronouA  with  the 
Hhnotioii  thej-  imjiart.     Is  it  not  tlien  in  this  motion  that  the 
indi^utuaUlff  of  the  clement  resides,  and  may  not  at)  matter 
be  alike  in  its  ultimata  casencef    Snch  speculations,  however 
wild,  are  not  wholly  unprofitable,  if  only  they  stimulato  inves- 
tigation, and  thus  lead  to  further  discoveries.  '" 
87.  lodftx  of  R«fraotlOTi.  and  BpeoUo  Rvb-aotlae  Powar. — TbV 
velocity  of  liKhl.  j;ivoii  in  §  78  na  lSt>,380  iniles.  or  2110,340  kilo- 
nifitres  per  second,  is  the  velocity  in  vofito.    The  velfloity  m 
reoL'nlly  measured  in  nir  by  Miclielson  ia  elislitty  lea.^  than  thi-S 
—  299,86-1  kiiomvtres  per  second.  —  and  in  general  the  velocity 
choiigeA  wild)  ths  light  pas!X!s  from  one  medium  into  anotlier, 
or  from  one  potlion  to  another  of  a  medium  which  varies  in 
density.     When  light  passes  from  the  air  into  a  loiiipanitivoly 
Bry  dense  medium,  like  water  or  glass,  there  is  a  great  diiiiinu- 
1  of  the  velocity,  and  the  ratio  of  the  velocity  in  air.  or  moie 
rly  in  racvo.  to  the  velocity  in  the  medium  is  caltM  the 
index  of  rcfmctiun  of  the  medium.    The  index  of  tefiraction 
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for  yellow  light  of  a  few  well-koown  tmnspiuent  media  is  m 
follows:  — 


Air,        l.OOOa 
W«t«,     1.33S 
Alcohol,  1.372 
EUkcr.     1.358 


Finor-Spw,  t.436 
Olive  Oil.  1.470 
CrowDGlnM,  1.534 
Flint  Clos^   1.270 


Snlpliido  of  Carbon,  I.tTS 
Ruby,  1.77! 

Pboe|)lionu,  2.JI4 

DiaiDoud,  2.3^ 


And  tbc  velocity  of  light  io  tlieae  media  is  easily  found  hj 
dividit^  the  velocity  in  vckko  {[iveii  above  by  the  index 
refraotioiL  When  a  ray  of  light  passea  from  tbc  air  into  i 
denser  meditun,  like  water  or  glass,  which  is  ttonudcil  by  a  dafl- 
tiite  Hurface,  it  uodei^goea  at  tliis  surface  a  sliarp  cbniigB  of  dine- 
tion;  and  if,  as  ueuul,  wo  aill  the  angle  mode  by  the  incidat 
my  with  a  perpendicular  or  normal  to  the  surface  (at  the  poiBl 
of  contact)  the  angle  of  tncidunoe,  and  the  angle  made  by  tit 
refrncted  ray  witJt  the  same  nonaal  (produced)  the  anjdo  of 
refraction,  we  readily  dfiduce  another  value  for  the  index  of  »■ 
fmction  ;  and  it  is  usually  defined  as  the  sine  of  tlie  angle  tf 
incidence  divided  by  the  sine  of  the  an^e  of  refraction.  More- 
over, according  to  the  well-known  law  of  relraclioo.  not  only  i) 
thin  ratio  constant  for  any  incidence,  but  also  tliC!  incident  nj, 
the  refracted  ray,  and  the  normal  all  lie  in  the  6nme  plane.  Wf 
thus  have 

r     «ii»f 

ili'txTTfMsiorttn  which  it  Mands  fi>r  the  fndpx  of  rpfmftir.n,  f 
and  P  for  the  velocitiM  of  light  in  the  two  media,  and  / 111111  H 
for  the  angle*  of  inddence  and  refraction,  tis  tlnscribed  altTtn 

Fiirthonnopc,  when  a  ray  of  light  passes  Himugh  a  fwism  ■ » 
plane  at  right  angles  to  the  edge  formed  by  Ihc  ioleraMitinB  •* 
the  nfmcting  fooes  (the  refracting  edge  of  tlie  prism,  as  it* 
celled),  and  in  snch  a  direction  that  the  angles  madt!  by  the  in^ 
dont  and  emerging  raj's  with  the  normals  to  the  rcfmctinj  bai 
■re  equal,  then  these  ra>'5  subtend  the  smallest  poanUe  ittjk 
(for  that  prism),  and  this  angle  is  called  the  an<;Ie  of  noK- 
nam  deviation.  If  now  wc  represent  by  A  the  angle  betwfCB 
fractiiig  faces  (called  the  refracting  angle  of  the  priss), 
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•y  D  the  angle  of  tnininiitro  deriation,  asd  hj  n  the  index  of 
refiuction,  as  before,  the  fulluwiug  simple  relaliou  obtains  be- 
.ween  these  quantities: — 

nd  since  tlie  reOncting  angle  of  the  prL«fm,  as  well  as  the  angle 

minimiun  deviation  for  any  one  of  the  tays  of  the  spectruni, 

easily  measured,  this  formula  gives  us  the  meaos  of  dctcp- 

ining  the  index  of  refraction  of  transparent  subetuncefl.     We 

itlier  make  a  Bmidl  prism  of  the  materia]  itsolf,  or,  if  it  ia  ndt'/a 

solid.  VG  cni'losc  tlto  lliiid  in  a  pmmalic  cell  of  glass,  the  facta 

if  wtiicli  have  been  cftrcfuUy  ground  and  polished. 

For  the  ether  of  .space  the  value  of  the  index  of  refraction  is  of 

course  unity,  and  for  any  other  medium  the  excess  of  the  index 

j}%'cr  unity  reprenents  what  we  may  call  the  refractinjj;  power  of 

;bat  medium.   Kow,  since  thi.i  Tt>fVacting  power  increases  directly 

with  tJie  density  of  the  medium,  independently  of  those  specific 

iharacters  which  depend  on  its  chemical  composJUon,  it  Is  ohvi- 

lua  that,  if  we  divide  tlie  refracting  power  liy  the  density  (S),  wa 

sitall  obtain  a  value  from  which  the  elTcct  of  density  ia  as  U 

Mtbte  eliminated,  and  this  quoUeatv  ^  j-  ■,  we  call  tJie  siKCi6o 
refracting  power  of  a  substance;  and  if  we  multiply  by  the  mo- 
lecular weight  of  the  substance,  we  have  in  Jtf(^  )  llic  spe- 
cific refracting  power  of  the  molecule,  or,  as  it  has  bocii  called, 
the  refractive  equivalent  of  tho  eubslanoe. 
K  A  compariBioo  of  the  speciKc  rcfmctiDg  powers  of  substances 
^^irhoee  composition  mid  molecular  weightit  have  been  well  deter- 
mined ehows  that  under  similar  circumstADces  a  constant  difler- 
enoe  in  the  compusition  of  the  molecule  corresponds  to  a  constoot 

tiMeooe  in  the  specific  refVacUve  power.     For  example :  — 


Di/ering  in  ConqwitifMn  (y  C) . 


Methyl  Alcohol,     Cff,0 
AMchyde,  C,/f,0 


13.1T 
18.98 


DiS. 


B.4I 


'^SAcnoK. 


C. 
A 
0, 


DiC 
3.1S 

S.0S 

f^niHvt  power  of  one 

two  BtODH  of  hydrogen ;  unt 

Um  m«ui  of  tt  very  \up 

just  givoD. 

f^ 

1.29 
3.90 


>  '•"mi  oa  the  detentiinatioD  of 

tf  tte  Cttbstanceit  thus  complied. 
1  rf  tbe  index  of  refmctiun  niiHt 
which  toay  be  ftrbitmrilr  se- 
rf ika  YEsy  unoqukl  and  irwgiikr 
■  whrtaaoe*.  it  i»  ^y  no  dmuh 
I  rf  the  lines  of  tli©  spectrum  fa 

The  eorroct  way  is  t«  iMiai. 

ITfctatarf^^"™"  *•«•»*  "«"  of  tlie  lines  of  tlw 
"^  .taAuMM  Ic  M  wikfy  distributed  aa  poasJUe.  ■»! 
^Jj^  iien^B  ta«,«^*her  with  the  sodium  line  D.tii 
1^  «li}iHi4  ••  **  ^«P"*'  Then,  by  >  method  devised  ty 
*jp,4  ^A^Mns  Cwichy,  we  can  calculate  tlie  ialex 
^MiC^r  to  e  w«va  of  ligljt  of  indetinile  kio^ 
ite  is  the  nine  which  oiigbt  to  be  tued  in 
Tin  valwe  in  the  column  bended  r^  abuTU 
d»w«y.  tut  the  mnlts  arc  nearly  as  atis- 
feoot  iadiees  observed  with  tlw  red  light 


of  L«&doU,  which  \i-e  have  atlemptcd  t» 


§  87.]  INDEX  OF  BEFBACTIOK.  209 

explain  in  fliia  aection,  may  now  be  expressed  in  the  following 
brief  form :  Tlix  specific  refractive  power  of  a  molecule  is  the  sum 
of  the  nfraelive  potcers  of  its  atoms.  The  table  given  below 
'shows  how  closely  this  generalization  has  been  contirmed.  The 
values  of  the  molecular  refractive  power  (Ha)  calculated  from 
the  atomic  composition  by  simply  atlding  together  the  refrac- 
tive powers  of  the  several  atoms  (r,)  are  here  brought  into 
comparison  with  the  values  deduced  from  direct  observations  of 
the  densities  and  indices  of  refraction  of  the  several  compounds 

hy  means  of  the  formula  ■^(^— ^ — )■  We  can  give  only  a  few 
of  tie  very  large  nnmber  of  results  that  have  been  collected 

lf(»zi)  s,  Ditt 

Propyl  Alcohol,  C^ff.O  28.6  28.4  +0.2 

Propyl  Aldehyde,  C^H^O  26.0  25.8  +  0.2 

Propyl-ethyl  Ether,  C.//„0  43.8  43.6  +  0.2 

Propyl  Acetate,  C.^wO,  44.0  44.0  0.0 

Propyl  Chloride,  C^,Ct  34.1  33.9  +  0.2 

iBobutyric  Acid,  C.N^O,  36.3  36.4  -0.1 

HeMii,  (7,^n  4a6  48.3  +0.4 

Triethylami&e,  Cg/f^^  66.3  55.3  0.0 

More  recently  it  bas  been  shown  by  Bruhl  that  the  atomic 
xefnotive  power,  although  constant  for  all  univalent  atoms  of 
-tha  same  kind,  varies  slightly  for  mnltivalent  atoms,  according 
to  their  relations  to  the  molecular  structure ;  but  the  student 
must  refei  to  the  original  papers  for  a  further  discussion  of  the 
Balitject 


U 


fll»l* 


tekckpfaEc 

«•  foteaXj  ifom.   As 

pktM  «n  aniud  by  « 

b  Fig.  to,  dienkal 

»ar)  the  fcdlovitig 

Flnt,  bubble*  or  bjrdngeo  gw  &ra  cvolnd  tai 

tlM!  auriaoe  of  the  pLitioom  pUta.  i»oiMJtf, 
llli  <llM)  [>Ut«  slowly  (liaaolvea.  the  zioc  comUning  vitli  it 
nultaU  of  tb«  ttdd  to  form  ziiKJc  Bolpbate.  which  ia  «o)iihb  n 
vtttUn,  limtty,  a  ]ii!ciiliar  modo  of  oU^mic  motion  collnl  ebc- 
trliilty  i«  tmni)init.toil  tlirongli  Die  copjwr  wire,  ob  may  l«  im1< 
nvlduril  by  iipiiroprlAU'  means.  If  tbe  coniMjction  between  lb 
|i|iiiPN  In  lirvkon  hj  dividing  ibe  coDtluHin^'  M-ire,  ttte  ehtmi 
NUlliUi  IlivlAllUy  itopd,  and  tli«  cnirent  of  ek-ctncity  aeaam  t» 
Itciwi   ImI  iu  ttron  u  llio  couiu-clion  is   tetivwed,  tbooa  pfa»- 

Hlitillnr  olfn-M  mny  tw  prmliice^l  hj  other  combiiutiatu  lbs 

tint  nttii  Jii*l  montiouKl,  provided  odIjt  certain  coodttiriM  w> 

fnttliwil      III   ibf   first    plftw,  llw  two    pktea   must  cuuiM  rf 

niAttirtftU  wlili'li  <iw  uno-iuolly  affected  by  the  Ii4juid  oontsiirf 

in  Ih*  xi>MM>1.  or  colh  and  the  gnster  the  dirfcKncv  in  lA 

1^^^  Mi\h:u  nv^nagMble  hmits.  the  batter.     In  the  leamti 

^  ,T  '       U   hoih  of  T4jitCT  and  MWMcrtnr.  nmMbta*- 

^,  ^  ^  Mid.  Wtly,  the  liquid  tnast  onotvii  «^ 

infw  fi«  'wr  of  whAM  rt^tinb  the  mueri&I  of  one  of  di 
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il*t«s  has  sufficient  affinity  to  determine  its  decomposition  under 
tlie  conditions  presents     Such  a  combination  is  called  a  Voltaic 
The  mode  of  action  of  thij!  apparatus,  which  since  its  first 
discovery  has  been  a  subject  of  conti-oversy,  is  very  obscure,  b«t 
Che  following  theory  nivtia  aa  iiitolligilde  explanation  of  the  gen- 
eral phenomena,  and  muy  serve  a  useful  purpose  until  greater 
inty  csn  be  attuiucd. 
S9.   Folartty. — The  [ihenomena  of  ma^etiam  have  mndo  us 
r»mtliar  with  a  condition  of  matter  we  coU  polarily,  in  which 
ies  niiinifest  a  mode  of  energy  known  as  polar  /ww.     The 
iharacterLsiica  of  polar  force  are  as  follows : — 

1,  Tlu  fuTffy  it  ekitjty  eoncaUraled  al  opposite  pointt  of  the 
polarisfd  bodif,  tailed  its  poles.  2.  The  poles  ttiffer  in  htnd  in  so 
Jar  that,  vihUe  uniike  poles  attract,  like  poles  repel  eark  other,  and 
He  vnlikt:  polM  neuiralixt.  like  poles  enJtafUX  taeh  the  otka't 
'eet.  3.  ti'Uh  eveiy  pole  is  n/rewys  associateit  its  opposite,  either 
the  same  or  a  nei^ihoring  borly,  and  in  every  polar  gtfstem  iAe 
'  of  tAe  polar  eiKrgifH  of  twi/  kind  t*  exaetiy  equal  to  that  of 
of  the  opposite  Innd.  4.  A  polarised  hody  indueea  a  similar 
'ate  in  all  nri;;hhirrin^  hodies  suscept^U  of  this  eondition,  a  pole 
a  given  kind  determiitinff  nearest  to  Ustlf  a  pole  of  the  opposite 
kind.  5.  Induction  is  attended  mith  tu>  lost  of  eneryy  in  the  in- 
dueing  hoft^,  u-hcse  condition  is  freqven/lt/  exalted  hi/  the  reaetum. 
of  the  induced  polarity.  6,  Pblarily  appears  of  differtnt  kintU  as 
•U  as  in  dijerent  degrees ;  the  phenomena  of  magnetie,  eUetrieal, 
nd  ehemieal  polaritif,  though  similar  in  their  general  feature*, 
differing  videig  in  their  modes  of  manifettalion.  7.  StUittaneet 
ifferfrom  earh  other,  not  onlg  in  their  suseeptibUitg  to  polarity  <^ 
ly  jrtvtx  kxTul,  hut  alto  in  their  power  of  retaining  i/.f 
Tlie  study  of  Uiis  cla»s  of  phenomena  htA  shown  that  Uic 

*  Th*i«  my  li#  •■^rtnl  p»lm  on  lh«  smm  bum  of  lUfitUr,  tail  tli«  pokrity  may 
rbc  oMy  Irrrjjulacljr  dintributml.     Suob  ii  Avqurnlli'  the  ooaditiou  of  lb«  lodcaUois 
r  at  k  <eu*\  lar  iirrgnUrljr  mnpictiwil. 

t  For  Mtunplfi,  thr  mcUla  iron,  nickol.  ■»•!  eoUl.  with  k  fair  of  tlidr  cnm- 

^NMndi,  tra  th*  onljr  milMtaiinn  mmrptthla  of  maiinetlc  pnUritj  Xo  *  Iiixli  ilrjcm. 

Ajpln,  a  liBnl«n«cl  Ktrl  bur  rrUiim  thi>  jMilnr  coiittltinn  mora  or  Wmi  [irnnancntlr, 

■>  it)  Ui*  comiuon  mugnvl,  but  lofl  irOD  \om  iU  nugneCic  Ttrtuo  tb«  mamcnt  tlis 

indudog  camte  mok*  to  act 
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eocrgy  tuauirestcd  by  ]mlari2ctl  bodies  u  atwnj-s  the  eOect  of  n 
«ttnu:tioa  or  KjiuUioD  belweeo  ]>oks,  uad  that,  wlieocver  tiitj 
ftppoar  to  act  on  a  neutral  body,  the  In^t  u  «]n-ays  tim  (wlaiisit 
by  induction.    Thus  the  oaiU  attfacl«d  by  s  utagael  'or  the 
strawa  attracted  by  an  electrified  stick  o(  aealing-wax  aro 
a  polar  condition.  A  liorseslioe  m^net,  witb  its  kcejter  at: 
aObiils  a  familiar  illustmUon  of  tliese  principle-t,  wliicli  w; 
UB  ill  explnioin^'  tbo  tnoru  ob»cure  plienomena  of  liw  Voltaii 
Tlie  hurscsboc  matiiet  was  originally  poUrizeil  by  indiictifHi,  tai 
since  it  ia  made  uf  Imrdeocd  steel  retaina  iu  magncLism.    TIk 
son-iron  keeper  ivliile  in  oootoct  with  llie  tnagnvi  is  as  tmir 
polurizin]  an  tiio  steel.     It  liaa  a  noKli  pole  in  contact  with  tk 
aoutb  pol«,  and  a  south  pole  in  contact  wiib  the  ttortJi  pcJe  of  Ihs 
maguetL     Hut  the  moment  it  ia  withdniwu.  all  its  polaht?  dnp- 
poara.    Again,  while  the  magnetic  circuit,  as  we  call  it.,  is  dotei 
the  keeper,  by  reacting  on  tJie  source  of  power,  greatly  eolnuuM 
the  euer^  of  the  mngoet,  which  will  lift  a  much  greater  we^^ 
suspended  from  Uie  keejier  than  it  c«ii  when  the  two  pol«s  act 
separately.    Lastly,  if  we  break  a  steel  magnet,  each  of  the  [wtt 

_  "i  11-  ^       will  bo  found  to  be  magiM- 

'3  ized  with  poles  relatively  tit 
uated  as  is  shown  in  Fig.  11 ; 
and  since  this  relation  of  pun 
is  preserved,  however  far  we  may  cony  tlie  subdivision,  we  m 
led  to  tlte  oonclusion  that  the  polarity  is  a  qiulity  inherent,  aoi 
in  the  bar  as  a  whole,  bat  rt(.  u 

in  the  molecules  of  which 
it  OHUists,  and  picture  to 
oaraelres  as  the  condition 
of  a  magnetized  bar  ttuit 
which  Is  rudely  represontcd  iu  Fig.  12, 

90.  Thaerr  et  dMmloa]  Polarity. —  As  the  molecules  nf  ims 
any  be  magnetically  polnnzed,  v,-e  infer  that  the  molecules  of  all 
tabalancea  are  susceptible  of  dirTereut  polar  states,  and  v«  om- 
oaive  tltat  chemism  *  is  a  manifestation  nf  a  molecolar  coodiUoa 

flam  It  ayMnitniMia  with  Urn  olil  tenu  thMtinl  n|hflj^  to  «Udi  It* 
Bscuiuii*  la  be  fntttroi. 
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which  we  may  distio^ish  as  chemical  polaritj.  It  mist  lie  re- 
iue-ml>erad,  however,  that  we  do  not  undeistaod  ttnO  cause  of  the 
iiirereuces  in  the  various  modes  of  polar  energy ;  aud  in  saying 
that  the  molecules  of  toatter  may  lie  t^betuically  poIanz<!d.  we 
m«an  roerely  that  tliey  are  s\isceptible  of  a  condition  whose 
general  featuTos  liavo  been  indicated  above.     Our  theory  further 

feiaIne8  that,  while  with  some  mulecules  the  polarity  is  inherent, 
il  theniforu  puruunent,  with  utburs  it  can  only  be  induocd  by 
cxtrauvoua  causes.    Mtdoculcs  not  nomiaUy  polarized  may,  how* 
«v«r,  Wicoiiit!  polarized  by  indtictton  to  as  hi^'h  a  de^n'ee  a-i  thmie 
'     ia  wlitch  jxilant-y  is  inlierent,  or  «ven  a  bi^hor  one,  but  tlieir 
H^iolarity,  like  that  of  an  electromagnet,  is  tmnsicnt,  varying  with 
"tlie  inducing  cause.     Again,  as  every  aiiaUijiy  would  lead  us 
to  believe,  our  ttieory  further  assumes  tliat  diffcriMit  substances 
are    ausceptible  of  chemical  polarity   (whether  it   bu   inhiircut 
■tor  induced)  to  very  different  degivea,  and  tltat  the  8usoeiitihility 
Hnraries  under  different  conditiona    Lastly,  our  theory  suppose* 
^that  the  chemical  activity  of  a  substance  depends  on  the  degree 
of  polarity  inhorvnt  iu  its  molecules;  and  it  refers  the  well- 
[^koowQ  active  qualities  of  acid^  and  alkalies  to  thu  fact  that  their 
"cutiar  coiMtituticm  renders  tlieir  molwulcs  strongly  polarized, 
rhilc  the  inort  chanictcr  of  most  of  the  «lemtinUir>-  lubatances 
explained  by  the  neutral  condition  which  their  homngeneoua 
^ttnicttires  would  naturally  produce  in  their  molecules.     Thus, 
for  example,  we  suppose  that  e%'ery  molecule  of  sulphurio  acid, 
/,'.srf)„  or  of  hydrochloric  acid.  JI-Cl,  or  of  sodic  hydrate.  II-A'aO, 
is  natur^iUy  polarized,  while,  on  tho  other  hand,  the  molecules  of 
Bine.  Zn,  of  mSj'neMuiii,  My.  of  hydrogen,  ff-lf.  and  of  oxygen, 
(hO,  arv  all  normally  m>utral     As  soon,  however,  as  we  place 
ziuc  in  contact  with  dilute  sulphnric  acid,  the  metallic  mohculea 
^bcci'>m«  polarized  by  induction  to  the  degree  of  which  they  are 
lusccptible  under  the  influence  of  this  acid.     A  powerful  atlrac- 
I  tlon  is  thus  developed,  of  width  the  familiar  chemical  reaction  is 
jthe  rRsulL     If  ma^-neaium  is  treated  in  a  similar  way,  the  action 
[is  more  ener;:etic.  fe-cause,  as  we  suppose,  the  molecules  of  this 
metal  are  susceptible  of  a  higher  degree  of  polarity,  and  tJie  force 
'developed  is  thervfore  proportionally  stronger.     On  the  otber 
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liaud,  with  metallic  copiwr  Chero  is  no  action  under  the  t 
cundiliona,  bectULse  the  molQculvii  of  tbft  metal  do  not  aoqaiica 
sufficient  degree  of  polarity  to  determine  chemical  changu. 

While,  however,  the  molecular  structure  api)eaT3  lo  be  Uit 
most  in)[K)rtaut,  il  ia  evidently  l>y  no  means  the  only  cauae  wbich 
determines  cbeniical  polarity.  The  highly  active  qualities  of  ikc 
alkaline  metals  and  of  the  chlorine  ^up  ut'  elementary  fiutietaiictt 
indicate  that  their  mulecules.  allliongb  up[>arcutly  bomogeoeoH 
in  structure,  must  be  permanently  polarized.  Moreover,  the  fux 
(hat  a  btgh  dcgruo  of  vuergy  is  developed  in  many  of  Ute  elb- 
mvut»ry  substuuces,  as  in  oxygen  gns,  by  a  simple  olevatjooof 
temperature,  and  tlie  general  principle  that  heat  hastens  chemi- 
cal cliangea,  aeem  to  indicate  that  the  polar  condition  may  be 
frequently  produced  by  this  agent  atone.  So  al&o  the  pntoetf  of 
photography  is  most  simply  explained  by  the  tlieory  that  tht 
sun's  rays  excite  a  similar  condition  in  the  silver  compounds  on 
titu  surfaco  of  tbo  sensiUvc  plate  ;  and  the  ofleet  of  contiauont 
eloctrical  dischart>e8  in  convcrttug  oxygen  gas  into  tliat  pecuUftt 
active  modification  of  this  substance  called  ozone  may  he  nguded 
as  a  dirwt  result  of  their  polarizing  power. 

91.  Thatwy  of  Elecuricitjr. — The  study  of  the  pbcDomeaa  >f 
optics  baa  led  phy^ici-sfi  to  the  concluMoQ  that  thcru  existl 
throughotil  space,  tilling  nut  only  the  interplanetary  Ijtit  also  the 
iutormoUcuIar  spaces,  a  highly  attenuated  but  at  the  same  twa 
wondurfully  elastic  medium,  which  is  called  the  ether  {^IS'i. 
A^iu,  the  pbouomeua  of  bi-at  indicate  that  the  molecular  fonxs 
have  an  eiici^  which  is  adequate  to  cope  with  this  very  greal 
cliititicity :  and  we  can  «DDC<iv«  that  they  condense  around  theea 
nKileculc.)  greater  or  less  qnaotitjes  of  this  ether,  Uius  ^vii^  ta 
each  a  distinct  atmosphere,  but  one  which  merges  into  that  nat* 
veisally  diffused  medium  in  wbich  molecule  and  planet  alike  Boat 
Kow  our  theory  supposes  that  electrical  phenomena  are  caused 
by  di.-)t(irlmncni  in  the  composition  of  tbese  ethereal  atmospheres 
Tlie  electrical  ether,"  as  we  assunx^  oonsists  of  two  sepoiabk 

*  A*  it  b  not  Importutt  (or  our  pivunit  pucpcoc  ta  bqalta  «)>inlm  tW  dv 
Uteal  nltirr  1*  i<lrnticil  or  ool;  h  uiiugltil  witb  tin  lumlalfKMa  MhcT.  UiM  i|«»- 
tioB  ia  htre  ItJl  is  tUjraDca, 
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tuatcrials,  which,  adopting  aames  long  used  in  icience,  wo  wiU 
cull  {xisitive  aod  negative,  or  vilreuui  uiid  rvsiiiuus  i.-ltictncicics. 
lu  all  tlie  terreslrial  rei;ioB  of  tb«  eolur  systoDi.  at  lua&t,  those 
electricitiea  are  blended  iu  certaiu  definite  proporliona,  like  the 
,1  oonslituents  of  iho  earth's  alinoiiphere,  but  by  various  causen  tliejr 
jKlDay  beoomu  separated  and  luore  or  lesa  isolated,  either  on  the 
^Bauic  or  uu  diffenint  titoleculea.  Whenever  this  takes  place,  the 
Hitwo  olectricitles  tend  to  How  togetJier  until  the  normal  condition 
is  restored,  in  accordance  with  the  law  of  diCTusiun ;  hut  the  force 
of  diffusion  in  these  molecular  aUuoaphercs  is  vastly  greater,  and 
the  process  vastly  more  rapid.  tti«u  it  is  in  the  t«rix:striul  atn)0«- 
phere,  because  the  elasticity  of  itw  ctlier  so  greatly  exceeds  that 
of  the  air.  This  being  granted,  our  theory  further  supposes  that 
every  process  of  electrical  excitement  causes  a  a<!]Hiration  of  the 
oODStitucuts  of  the  eUier,  and  that  au  electiified  body  is  ooe  on 
whose  molecoleA  one  or  the  other  of  tlie  two  electricitiea  ia  to  a 
greater  or  less  degree  isolated ;  and  a^'aui,  that  the  familiar  phe- 
nomena of  attraction  and  repulsion  between  electrilied  bodies  are 
the  eti'ects  of  pressure  caused  by  the  diffusive  force ;  atid  lastly, 
that  an  electrical  current  oonsista  in  an  actual  ti'ausl'er  of  tlie 
Oiheresl  material  between  tlie  molecules  of  the  conductor.  We 
have  not  space,  however,  to  foltovr  out  tlte  theory  into  ita 
mechanical  details,  and  we  must  content  ourselves  with  applying 
ifr  to  the  explanation  of  the  phenomena  of  the  Voltaic  celL 

»92.  Theory  of  the  Voluic  CaU. —  In  studyintt  chemical  reac- 
tions wc  lia^c  thus  far  overlooked  the  molecular  atmospheres ;  but 
it  ia  evident  that,  if  tlic  above  theor>'  is  correct,  they  must  eutor 
as  important  fucton  into  eveiy  chemical  change.  This  tlieoiy 
assumes  that  the  condition  of  the  atmosphere  is  intimately  cou- 
nected  with  that  of  the  molecule,  althou};Ii  in  what  way  it  does 
Dot  attempt  to  explain.  When  the  molecule  is  polarixed,  the 
two  electricities  are  more  or  leas  fully  separated  and  isolated 
around  the  molecular  poles ;  and  if  the  polarity  is  inherent,  thia 
ipondition  is  permanent.  If.  however,  the  polar  state  ia  induced, 
IB  neutral  condition  is  restored  aa  soon  as  the  inducing  force 
l-MMses  to  act.  Let  us  study  now  from  this  now  point  of  view  the 
fiuuiliar  reaction  of  sulphuric  acid  on  zinc  referred  to  above. 
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zn  +  {ff^^  +  A<t)  =  {i5fcS0«  +  Aq)  +  ai-aa. 

^e  moleculfl  HfiO^  iti  inlierentlx  polarized,  and  induces  tt 

once  a  suuilttT  cundition  in  tlie  uormiUly  aeutnl  molecule  Z». 

At  the  jiulcs  of  each  of  these  iiio1eculu»  wo  liave  therefore  [tm 

electricity.    Wiien  now  Zh  repluoc-t  H^  in  /T^SO,  il  takes  with  it 

into  its  new  combiDation  only  free  piMitive  electricity,  leaviqg 

behind  the  cones[K)ndiux  negative  electricity  on  tbe  adjanaU 

molecule  of  zinc.    Mcutiwhile  the  hydrogen  atoms  thus  liberated 

bring  with  them  to  fonn  thu  uukcule  UlI  only  {xii^itivi;  ijlac- 

trictty.    Wo  hnve  thiu  set  fn>e  ou  opposite  molecules  at  the 

Sftoie  time  equivalent  (luaiiciiieti  of  the  two  electricitic^s,  ai>d,  the 

equilibrium  beiii^  thiis  dislurU-J,  an  intui-cluiut-c  at  oucc  taktt 

[daoe  between  them,  by  which  the  noTiual  conditiou  of  Ilieir 

atmospheres  is  restored     In  order  to  make  tbi^  puittt  cWter, 

we  have  endeavored  to  iUustiate  the  leaction  iii  the  followii^ 

diagram: — 

B,SO^  Zn  Zn 


Factors 


o 


Products     ^^      Ww       ^^ 

This  diagram,  however,  indicates  rery  imperfectly  th«  conoq*- 
tion  we  have  formt-d  of  the  process,  and  there  are  certnin  qnaa- 
tttative  relations  between  the  parts  whiili  must  not  be  overlooked. 
although  they  can  be  as  yet  but  very  inipvifcctly  uoderautod. 
We  abotild  luliimlly  inter  that  the  quantity  of  ethereal  atmc*' 
phore  would  be  determined  in  every  case  by  tlic  tnnsa  of  tba 
molecule,  but  the  quantities  of  free  electricities  sepamted  from 
this  atmwtpbere  under  diflcrciit  conditions  seem  to  de|>end  on 
the  atomicities  of  the  radicals  of  which  the  molecule  codsuU. 
At  least,  the  facts  indicate  that  the  amount  of  free  eleotrict^ 
which  any  firoup  of  atoms  takes  out  of  the  molecule  from 
it  is  parted  is  exactly  measured  by  the  number  of  atotoia 

thus  broken.    Hence  in  our  dif^^m  llni  amount  of  

eUcUioity  which  //,  takes  from  ff^t  is  a  deHnite  quaatity,  and 
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exactly  eqnal  to  that  which  Za  ciirriea  in  to  take  ita  pluce. 
,,  Moreover,  this  last  iiuautit.v  cJiine  urigiHuUy,  not  fiom  one,  hut 
H  from  two  Kinc  moleculot,  uid  the  chemical  metathesis  Letwccn 
■.  Ilg  aad  Zit  was  accoiiipatiied  by  an  interchange  of  (J«ctrieilie« 
1      between  the  zinc  molficulos,  by  which  all  tlie  free  jiositive  elec- 

Itricity.pttMod  to  the  one  which  entered  into  combination,  and  all 
the  free  ucgative  eWctricity  to  the  onu  left  behind ;  and  furtiier, 
«a  already  stated,  this  free  ucyiitivB  electricity  ia  equivalent  to 
the  free  positive  electricity  on  the  hydrogen  molecule  formed  at 
the  same  time. 

If,  IIS  in  the  usual  form  of  Uie  reaction  we  have  been  studying, 
■tlie  acjJ  snOictcntly  diluted  '\»  poured  upon  clippinj^s  of  sheet 
Hzinc.  it  is  found  tliiit,  aUhuugh  the  ma&s  of  tlie  metal  i;;  polarized 
Hthruughout.  tiio  polarity  is  very  irregularly  distrihult-d,  A  mul- 
^■titude  of  negative  polar  points  are  formed  upon  the  surfuov,  from 
'     which  bubbles  of  hydroj:en  gas  are  evolved, and  around  t)n;3cans 

I  spaces  positively  polarized  where  the  metitl  enters  into  solution. 
According  to  our  tJieory.  whea  the  molecules  of  mvtal  replace 
the  atoms  of  hydrogen,  they  take  with  them  positive  electrical 
charges,  leaving  bchiud  equivalent  ne^ttve  cliargus,  mid  these 
ire  tnii)sra)tt«d  from  molectile  to  molecule  of  Uie  metal,  \intil 
they  reach  one  of  the  negative  polar  poiut^above  mentioned.  It 
^is  there  tliat  the  interchange  takes  place  with  the  pui^itive  charges 
Bon  the  molecidea  of  hydrogen  gas  as  mi«diy  a*  ihcwo  nr«  formed 
BThe  polar  points  just  referred  to  appear  tx>  t>e  dvtcrniiiied  by 
^Tariations  of  texture  or  bits  of  impurity  in  the  motal,  and  this  is 
,      the  reo&on  that  Uio  general  polarity  of  the  nia^s  is  so  irregularly 

tdi8tributi*d.  If  the  metal  is  absolutely  pure  and  uniform  in 
texturv,  or  if  the  surface  of  the  common  sheet  zinc  ia  previously 
•tnalgamat«d,  there  is  iio  local  action,  and  the  zinc  will  not  dis> 
■nlve  unless  we  fasten  to  Uie  metal  a  piece  <^f  Home  material  less 
readily  acted  on  by  the  acid,  which  must  be  also  a  conductor  of 
k  electricity.  But  when  this  is  done,  tlie  whole  mass  becomes 
polarized  tmiformly  throughout,  after  the  paticm  repreitented  in 
Fig.  12.  Of  this  system  the  surface  of  tlie  KJni:  forms  tbe  posi- 
tive pole,  and  tlio  surface  of  the  second  material  the  negative 
Hbole.    Chemical  action  ensues  as  before,  and  while  xinc  dissolves 
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attii*  poutlTs  poli^  bydti^D  gas  i»  evtJvwl  from  the  negum 

polai..  .1-     >  ' '.<» 

W«  arc  now  prepared  bo  uadenUind  the  couditioits  io  tlio  Vol- 
taic cell  t«pro.seat«U  iu  Fig.  10.  Hore  we  iiavu  a  pluUj  of  nu 
aii<l  «  pUw  of  plaiiiiuin,  uuited  l>y  a  luOaliic  wire  tuid  dippiag 
totjellttir  into  thd  acid  liquid,  witb  tlieir  surfaces  oppowd  to  neb 
other  aitd  not  touching,  llere,  also,  the  two  platea  with  th 
conductor  form  oue  uuifiKiuly  pokmed  syittetD,  of  whtoh  ik 
surface  of  ihe  siiic  i»  ihc  posiiuvo.  uud  the  suifaco  oftiie  plaEinun 
the  uejj»iivv  pole.  Tlii;  pulwity  of  tUis  orFaa^eineiii  is  iudnail 
by  Uw  uctiuu  uf  ibc  acid,  wlioau  mvlvcules  an  mherenLty  polu* 
ked.  Muraovcr,  uiidei-  liatav  couditiou*  Uu  niiss  of  acid  betweca 
Ute  pliit««  forma  sU»  a  iiuifunnly  polarized  ay^lviu.  Ui«  molecuki 
nc.  u.  ainuiging  tbeuis^lvtia  in  polar  lintjs,  tut  repreaenlsl 

in  Vig.  t3-  We  nny  conipare  Uie  cumbiiuUin 
tlius  formed  to  a  magnstic  circuit,  coiisistiiig  alt 
li<jnu>«lioe  niognct  uiid  its  armature,  or  lallier  «' 
•  bar  iiiugiiet  villi  a  Lionutbov  armature.  The 
iiibcreiiUy  jwlarized  U<tuid  oonesjkottds  to  Uie  pa>' 
mntient  wugjuet,  Uie  9y»tem  of  uiotiUlic  plat4>.s  to  the  amutvn 
with  its  ijiduoed  polarity.  Kow  just  as  ia  the  laoguotic  eireuit 
wc  liiive  ft  strong  attraotivo  force  at  ttm  surface*  where  tbe 
anuaiuic  touches  the  niaguvt,  so  in  the  Vultaic  circuit  we  hare  a 
powerful  force  exerted  at  each  of  Uie  cormtpoDdiiig  sorfaoee.  A 
mutual  attraction  in  cxert«d  between  the  hydrogen  «iid  of  the 
acid  molecules  and  the  pkununi  surface  on  one  sido,  and  tb 
sulphion  end  *  of  the  same  molecules  and  the  zinc  sarface  m 
the  otiicr  side.  These  forces  are  adequate  to  decompose  thcMMl. 
The  sulphiou  atoms  enter  into  union  witli  the  xioo  to  form  anc 
sulphate,  which  dissolves  in  the  acid  liquid,  while  the  hydtogoi 
atoms  combine  witli  eacli  other  to  form  nioK'cules  of  hy>Ir 
gas,  which  collecla  in  bubbles  that  ri«e  along  the  surface 
platinum  plate.  Meanwhile,  every  molc<.'ul6  of  xinc  which  etU«t 
into  siihiiioQ  hiavea  hehind  a  cliai'ge  of  n^ative  eludricity,  anl 
every  nwleoule  of  hydrogen  gas  carries  to  the  surfoce  of  Uw 

■  For  the  abr  of  *uD|iUFil]r  we  hare  rriimcotnl  ill  Uw  AgolM  nnbcalMJ 
S-Ct  itaHmd  of  H^SO^,  but  liw  ibtorj  aff  Itca  aiafillr  la  bMlb 
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7>latiDain  plate  a  olutrga  oT  iwaitive^Mtrits^,  and  these  opposite 
cliai^^es  flow  together  ihrough  the  condueior,  forming  wliat  we 
Vtsall  an  electrical  current,  which  tends  to  re&toro  the  electrical 
eqailibriiun  ihat  th«  chemical  action  deatroya 

ya.  xn«etricai  CuiTvnt — According  to  our  tb«oiy  an  electrical 
current  ooiwixttt,  in  tha  lust  analysis,  iu  tlte  transfer  of  the  vtho- 
nol  nedtitta  Wwi-eii  w^i^hlMring  molecules,  the  uiii:  (pvitig  up  a 

^quantity  <>(  positive  cli'Ctriciiy  unil  rtxi-iviiig  an  equivalent  por- 
tion of  negative  electricity  in  itKM^od.   Hiis  transfer  is  auppoMd 

'to  take  place  at  the  surface  of  contact  iKtween  tlie  molecular 
loapherea  by  a  procieaa  similar  to  dilTuaion  (§  63),  and  impliea 
oecitlation  of  the  ntolecalea  by  which  each  ia  brought  alter- 
nately iu  near  proximity  to  its  neighhors  on  either  sida     The 
ovcLiltttoiy  motion  is  niiiiutaiLeU  by  tlie  alternate.'  attriictions  and 
repnlsioni),  which  tlic  viiryiii^  phiiscs  of  the  molecules  necc»- 
Hjily  dotcrmiue,  and  is  a  most  im{K>rt»iit  cli^nicnl  of  tlie  electri- 
cal ourreut.     It  can  vusily  be  itnitntud  by  susi^juding  with  silk 
tJireads  small  metiillic  kill-t  Itctween  two  brass  knobs  connectad 
with  the  conductors  of  an  electrical  machine,  so  tliat  they  hang 
near,  and  at  equal  diatancea  fi<am  each  other,  oii  the  same  Un«. 
The  continuous  oecitlation  of  these  bolls,  while  the  machine  U 
.  action,  illustrates  what  we  conceive  to  be  the  mode  of  motion 

'^in  llie  uHilecules  of  a  conductor. 

If  tb«  above  explanation  is  correct,  it  is  obvious  that  an  elcc* 
trical  current  in  a  solid  conductor  has  two  distinct  clvmvntn : 
first,  an  oscillatory  motion  of  th«  molecules ;  Booondly,  a  mutual 
transfer  of  the  two  modifications  of  tJio  electrical  ether  from 
molecule  to  molecule,  nloiit;  the  lines  uniting  the  opposite  poles 
of  the  pr.lar  Hystom.  which  «v«y  current  impliea.  But  in  the 
nctd  li<iuid.  which  n<>t  only  originatM  tlie  cuneut  but  also  forma 
a  part  of  the  circuit,  the  relations  are  aomewhul  different.  Tlierc 
the  tran.'tror  nf  the  two  electricities  is  attended  with  a  decompo* 
sitton  of  Uie  acid  molecules,  and  the  opposed  atoms,  each  bear- 
Blng  ita  charge  of  electricity,  actually  travel  from  one  plate  to  the 
otlier    'flius  we  have  the  sinijular  phonomenon  produced  of  two 

E atomic  currents  llirou'„'liout  the  mass  of  the  liquid,  a 
BulpbicHi  atoms  constantly  setting  towards  the  zinc 
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plate,  and  a  stream  of  bydiogea  atoms  Sowing  in  tbe  opponle 
dircctioD.  iu  pontUel  lines,  tuwimU  tlw  [>latinum  plate.  TIm 
result  ia  produced  by  a  constant  tuetatliesia  along  tbe  wliole  line 
of  molecules  betwoou  tlie  two  ]>tat«a,  so  that  for  evety  atom  oT 
MilphiiHi  wliich  ooUirs  iutu  atiiuu  wilii  Ute  ziac  a  douUe  atom  « 
moleculo  o(  hydrogea  is  set  free  at  tlie  face  of  the  platioum  pUt& 

As  our  tboory  shows,  tlie  oppoaite  cuneate  ol'  atoms  in  tlu 
li(}uid  and  tlie  oppoaile  currents  of  electricity  io  tliv  solid  ooo- 
ductor  are  mutually  dependent.  Hence,  if  tlie  connf^-tiun  it 
broken,  so  that  tbe  motion  can  no  lon<^T  be  Imiuiuiitu-d  Ihiuogb 
lliu  conductor,  tbe  motion  in  the  litiuid  iuelf  c«aso« ;  and  if  iij 
any  means  the  motion  throuj^h  tbe  conductor  is  checked,  iba 
mutton  of  the  atoms  in  tbe  li<itiid  is  ivduced  to  tbe  «aiiw  sx* 
Ivnt  Tbe  two  currents,  which,  as  wo  bave  aeeo,  are  coutiowM 
througlioui  tJio  vrbolo  circuit,  take  ibe  names  of  tbe  tvro  loaib 
of  ^Mtlicity  which  they  respectively  carry ;  that  flowing  inlt 
the  conducting  wire  from  Uie  platinnm,  or  inactive  plat«^  boag 
called  Uie  positive  current,  an<l  that  from  the  xiua,  or  aetira 
plate,  the  motive  current.  Reasoning  from  certain  meclianical 
phenotnona,  the  physiciiits  originally  concluded  that  the  electiieil 
Current  (lowed  in  hut  one  direction,  that  is,  throuj^h  the  coodMt 
iiig  wire  from  tixa  platinum  plate  to  tJtc  zinc,  and  from  the  aat 
plate  tliTough  tlio  liiiuid  back  again  to  th«  platinum ;  and  nov. 
when  tiie  direction  of  th«  current  is  spoken  of,  it  is  this  diID^■ 
tion,  that  of  the  poititive  current,  which  is  alwnys  meant 

94.  lUcetiioal  Condaotlii<  Pow«r,  or  Kaststano*.  —  DiSufat 
materials  transmit  tJio  electiic  current  with  very  difTt^renl  <b- 
grves  of  facility;  for  while  in  some  this  peculiar  form  of  moke- 
alar  motion  is  easily  rnuiatatned,  in  others  the  nioleculcs  ritiU 
to  it  only  with  ditficulty,  and  many  subatancM  seem  uol  to  hi 
BiiAceptihle  of  it  Tiie  conducting  powei^t  of  diHereat  metaUie 
wires  have  been  very  carefully  studiod,  and  aonie  of  the  nuNt 
trustu-orthy  results  are  collected  in  the  following  lulde  Silnr 
is  the  best  conductor  known,  and,  assuming  that  a  iui%-er  wire  rf 
definite  size  and  lOO  centimetres  long  is  taken  as  the  slandanl, 
Uie  numl<er  opposite  the  name  of  each  metal  is  the  len(^  !■ 
OMttimMna  of  a  wire  mode  of  this  metal,  aad  of  tbe  some  sin 
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^fttt.1  the  6rat,  which  will  opi>uSQ  the  same  resistance  to  the  tmns- 
^ftnussiou  of  the  currciiU  The  evcoud  cultiniit  gives  thu  ralntivo 
H  KsistHDoes  of  vriivs  of  tli«  wine  tnateriaU  wlton  of  iKiiiiil  aize 
^^  and  of  equal  length.  The  relative  or  spce^  raistanca  of  two 
such  wirett  must  uvtilitntly  hu  inversely  propottionol  to  their 

toonductiDg  pa^t'CT«,  ant)  thus  the  numbers  of  the  secoiul  column 
ftrc  easily  calculated  fmrn  thiiae  of  the  firet  For  the  results 
collated  in  this  uhle  Vie  are  indebted  to  the  careful  investiga- 
tions of  Professor  ^[atthiesssn. 


w 
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S.WS 
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2a  H 

I.S16 

ie.s 

MplrlLty 

1.83 

«1.33 
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PoUwiom 

20,  M 

I.7M 

20.1 

Ti^lluriuiD 

O.COO 

77 

IS9.90O 

10,6 

1 

LitUuBB 

I9.0D 

6.262 

2U.0 

ltd  PhMphonu 

(1.00ft 

U0I33 

81,300,000  ;4.« 

f  If,  next,  ve  compare  wires  of  the  same  material,  hut  of  differ- 
ent sizes,  we  find  tliat  the  resistance  iuorease:^  as  the  length, 
and  diminishes  as  tlic  ni-ea  of  the  section.  Miircovcr,  if  we 
adopt  sonii;  uliKolute  .stan<lani  of  n>3istaDce,  Like  tluit  sukcted  by 
the  English  physicists,  we  can  easily  express  the  resistauce  ^ 
axtj  given  conductor  in  terms  of  this  unit.  It  must  be  rcmom- 
bned,  however,  in  mukJDg  «ich  compiirisons,  that  the  resistnncfi 
varies  with  the  tempciatuie,  and  aI»o  that  the  conducting  power 
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of  tlii3  same  metal  is  materially  infiueooed  both  by  its  phT^cil 
condition  and  by  tbe  presence  of  impuntiea 

95.  Ohm's  Law.  —  Tbe  first  effect  of  the  chemical  forocs  it 
the  cell  of  nn  cl«ctncnl  combioatioo  is  to  nisisbal  the  dissimOir 
atoms  of  the  active  liquid  between  the  plates  into  lines,  wfaicli 
nt  onci;  begin  to  move  in  parallel  coluiuDS,  but  in  opposite  din^ 
tiong  (Fig,  13).  Moreover,  each  one  of  ihese  lines  of  numj 
atoms  is  continued  hy  a  corresponding  line  of  oscilia/ing  Uams 
in  tbe  conducting  wire,  nitd  thus  is  fonned  a  continuous  circnil 
returning  upon  iUelf.  I'he  union  of  all  tbe  Una  of  ftrrct  in  tb( 
two  opposite  coexisting  streams  constitutes  in  any  case  the  elw- 
trical  current,  and  the  differeut  parU  of  this  coQtinnous  clnia 
are  so  related  that  iht.  total  anunuU  of  mUion  u  aheat/s  (hr  tatnt  d 
enry  point  on  the  circutf,  and  no  more  lines  o/ moving  atvm$/<irM 
in  Ike  liquid  between  the  plates  thaa  can  be  amiinued  thrint^  lib 
OKillalinff  alomt  of  the  solid  condiuion. 

If  wc  adopt  this  theory,  it  U  obvious  that  tbe  strength  of  117 
electrical  cuirent  must  depend,  fir«t,  on  the  number  of  contiB- 
uous  liue^  of  force,  nod,  secondly,  on  tlie  »trength  of  the  polarity 
transmitted  through  each  of  these  channels  Of  thi-se  tvs 
elementa,  the  first  is  detennined  solely  by  tlie  total  n*si«taBoe 
wkioh  tbe  various  parts  of  the  circuit  oppose  to  the  cloctrial 
motion,  and  the  greater  this  resistance  the  less  will  b«  the  nnm- 
ber  of  the  tinea  of  force.  The  second  element  is  deteriiiiiied  \ij 
tbe  value  of  tbe  resultants  of  all  the  polar  forces  acting  m  an; 
combination,  which  draw  the  dissimilar  atoms  towards  tbu  opfi^ 
site  plates.  —  a  value  whidi  depends  solely  on  l/u  rJumual  ria- 
twna  ofUu  materiaU  of  the  plaia  to  that  of  th*  a/Uive  liquid,  nA 
is  what  is  called  the  tltctromotive  foru  of  the  combinatiua.  s 
qniuitity  we  will  rcprcscut  by  E. 

It  appears,  then,  fh>m  the  above  analysis,  that  as  electrical 
cnirent  is  a  continuous  chain,  which  Lt  nuRtained  in  a  regnUad 
and  equable  motion  in  all  its  partH  by  the  chemical  activity  in 
tbe  cell,  and  that  the  strength  of  this  cnrrent  at  any  puint  of  tb 
chain  must  be  directly  proportional  to  tlw  eilwtroinotive  taim, 
and  inversely  proportional  to  the  sum  of  the  resistances  thi 
out  the  ciicutt.    If,  then,  wo  represent  the  resistance  in  tlw 
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dactin]^  wire  by  r,  the  lesirtance  of  the  liquid  betweon  the  pliiles 
of  ihv  cell  by  R.'  and  also  the  strcngtii  of  Uie  curreut  by  C,  we 
shall  have,  io  every  oaae, 

*  [58] 


C  = 


«  +  f 


I  The  quantities  C,  R,  r,  and  J?  may  all  be  accurately  mea«ured. 
■  and  »ta»d  iu  each  case  for  a  certain  number  of  ari)itjaty  units, 
^kvltOM  relatii^iii)  will  hereafter  bu  stated 

l^r^  9^  BLeoUomotlve  rorc«  mad  Bbengtb  of  Current  —  It  would 
I     aeem  at  first  sight  as  if  the  strengtti  of  tin  electric  current  might 
be  increased  by  simply  enlarging  the  sizo  of  the  plates  in  the 
I      combination  employed,  and  obviously  the   number  of  possible 
^Hinee  of  moving  atoms  which  could  be  tnaishuUcd  in  the  liquid 
^oetwecii  the  ]ilaU«  wowld  thus  bo  increased ;  but,  as  has  bci-n 
stated,  the  parts  of  the  circuit  are  so  intimately  connected  that 
DO  greater  numlier  of  lines  of  atoms  can  form  between  the  platfiA 
than  can  be  continued  throu(;h  the  wholo  circuit,  and  practically 
there  nuiy  be  formed  between  the  smallest  plates  a  vastly  great«r 
number  of  atomic  lines  than  can  be  continued  through  any  con- 
ductor, however  good   its  quality  or  however  ample  its   size. 
HiMice  it  is  that  by  increasing  tbo  size  of  tho  (ilates  we  mul- 
tiply the  lines  of  force  ouly  in  so  far  as  wc  ther«by  lessen  tlie 
lesistnnce  in  the  liquid  part  of  the  circuit     We  tlius  simply 
^  leasen  the  value  of  A  in  Ohm's  formula  [r>^] ;  but  if  this  value 
Bia  already  small  as  compart  with  r,  that  is.  if  tlie  resistance  in 
the  cell  is  small  compared  with  that  in  the  conductor,  no  mate- 
rial gain  in  the  power  of  the  current,  or  in  the  value  of  C,  will 
result.     On  the  other  hand,  if  the  exterior  resistance,  r.  h  small, 
or  nearly  nothing,  as  when  the  plat«s  are  connected  by  a  tliick 

^1^  miiBUDe*  or  any  fin-ull  may  Iw  cmiTmilMitly  divtd«l  into  two  partly 
the  iviialaiiM  uf  tiiu  cuiLiluctiiig  win,  and,  woondly,  the  mutAiicv  of  th« 
d  portioD  of  the  drruit  Iwlwrpii  tho  Ibd  jiUtfn  of  the  cell.  The  miatUK* 
VI  uia  MitU  conductnr  mar  bo  readily  citimatcd  on  the  prindpin  Mated  In  ihn  tart 
H>f4Joii,  uiil  the  ruulAocR  nf  the  Uignlil  mity  bn  mntniivd  In  >  *lmllu  my,  Th« 
iMtdqmid^  —  1.  On  tite  o«iniliii:1ttig  yowrr  ot  the  liijuM  ;  7.  Od  t>if  lirnglh  of 
Um  tiinid  dmit,  vhich  U  ilf<tenum«<l  by  tlitt  dinl'incf  Hpart  of  thv  |>Ut^ ;  3.  On 
tlir  *Ra  of  the  irclian  of  the  liquiil  conductor,  wMch  u  dstOTmuicd  by  the  «iM  of 
lt)t  pUtis ;  uid,  4.  On  the  teinpcntaic. 
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metallic  coiidudor,  Ut«D  U)e  value  of  C  will  increase  id  rerr 
uvarly  the  same  proportion  as  the  siso  of  th«  plates  ia  enknH. 
and  tliv  vi\l'it>  <>S  R,  ill  oonsequenc-e,  (Iiminislied.  Voder  llie« 
uon^iciun-s,  tli4;  ninnlier  of  lines  of  moviiig  fttoms  is  greatly  mid- 
tiplied,  and  wo  obtain  a  current  of  vei^-  gT«al  volome,  bat  only 
flowing  with  the  limited  force  which  the  single  cell  is  capsUr 
of  maint'uning.  Such  a  current  baa  but  little  power  of  fvnr- 
coning  obstaclea;  and  if  we  attempt  to  condense  it  b)-  using  a 
amaller  conductor,  we  reduce,  aa  has  been  said,  the  cbemkal 
action  which  keeps  the  whole  in  motion,  and  thu!)  lessen  ibt 
volume  of  the  flow.  Tim  is  generally  expressed  by  saying  tlot 
the  current  has  large  qKanlxly,  but  small  inUtuity,  or  (more  prop- 
erly) small  ttatromolim  pmctr. 

It  must  now  be  obviona  front  the  tlieory,  that  we  cannot  io- 
creosc  cfr«ctively  the  intensity  of  a  correDt  (its  power  of  arv 
coming  obAtacle.t)  withont  in  some  way  incrrjuing  the  cbctnieil 
activity,  or,  in  nther  wonls,  the  electromotive  force  of  tha  oob- 
bination  employed,  and  Ohm's  formula  leads  to  the  some  reenlt 
If  the  viilne  of  r  in  our  formula  is  verj'  large  as  compured  witk 
R,  we  cannot  increase  it  still  further  without  lessening  tbe  tMa) 
value,  C,  unless  at  the  same  time  we  increase  the  value  of  Z 
Now,  this  electromotive  force  may  be,  to  a  certain  extent,  ia- 
cicased  by  using  a  more  active  combination ;  but  tlio  limit  h 
this  direction  is  soon  reached,  and  tbe  constructioQ  of  tbe  ccD 
which  has  been  found  practically  to  be  the  most  e£Bcicnt  nQI  ti 
described  below. 

We  can.  however,  increase  the  cflcctivo  electromotive  rairo  W 
almost  any  extent  by  using  a  number  of  mils,  and  couplinf 
them  together  in  the  manner  representci]  by  Fig.  14.  the  plati- 
num plutv  of  the  fint  cell  being  united  by  a  larj^c  metallic  con- 
nector U>  the.  xinc  plate  of  the  second,  and  so  on  through  tli* 
line,  until  finally  the  external  conductor  establishes  a  oounectiaa 
between  the  platinum  plate  of  tbe  last  cell  and  the  ziuc  plate  rf 
the  first.  Such  a  combination  as  this  is  called  a  Qalvanie  w 
Vtdtaic  *  batt«fy,  and  the  current  which  Oows  through  sucb  i 

•  Fkhd  Uie  naoMi  oT  Gdrani  uiii  Volu,  tii«  Italiaa  pbj«ld(ti^  «lw  tM 
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combiiuiUau  bug  «  vastly  greater  i^owcr  of  ovcicoming  resistance 
tban  thai  of  aiiy  single  cell,  however  Urge. 

Tbe  iocreaseti  effect  obtained  with  such  a  coinbioaliou  will  be 
easiiy  uiiderstooU  when  it  is  remeoibereil  that  each  uf  thu  iiiiiu- 
iueral>le  closed  chains  of  moving  fi*.  n- 

tnolecutes  now  extends  Uirough 
tite  whole  coinbiiiation,  nud  tliut 
alt  its  fmrts  move  in  the  suine 
close  mutual  dependence  as  be* 
fore.  But  whereas  with  a  single  cell  the  tDotton  throughout  auy 
Bingle  chain  of  molecules  is  sustained  by  tbe  chemical  energy  at 
ouly  oue  pointv  it  is  here  reinforced  at  several  points ;  and  tlie 
polar  en(!Tj!y  at  any  point  of  the  circuit  is  tbe  effect  of  tlie  in- 
duction of  tti«  acid  molecules  between  each  pair  of  plates  concui^ 
ring  witli  tliat  produced  by  the  similar  molecules  between  every 
other  pair.  Tbe  electromotive  power  is  tben  increased  in  pro- 
portion to  the  number  of  cells ;  and  tbe  effect  on  the  current 
would  be  incruased  in  tbe  same  proportion,  were  it  not  for  tlio 
fact  thut  the  ctuTcnt  must  keep  in  motion  a  greater  mass  of 
liquid,  and  hence  tbe  resistance  is  increased  at  the  same  time. 
The  value  of  this  resistance,  however,  is  easily  estimated,  since 
it  is  directly  proportional  to  the  distance  through  which  tbe  cur- 
rent ha^  to  flow  in  tbe  liquid ;  and  beuce,  if  the  li'iuiil  is  the 
same  in  all  the  cells,  and  the  plates  are  at  the  same  distance 
apart  tn  eacli,  tbe  li<juid  resistfluce  will  be  n  times  as  great  in  a 
corobinatiou  of  n  cells  as  it  is  in  one.  Moreover,  since  tl>e 
efiectivc  electromotive  force  is  n  times  as  groat  also,  while 
the  externa]  resistance  remains  unchanged,  the  strength  of  tlie 
current  from  such  a  combination  will  atUl  be  expressed  by  for- 
iQula  [S8].  slightly  modified:  — 

UK 


This  formula  shows  at  onco  tliat,  wlwn  the  exterior  resistance 
veiy  small,  or  nothing,  very  little  or  no  gain  will  result  from 
^increasing  the  number  of  cells,  for  tbe  ratio  of  nA'  to  nA  is  Uie 
same  as  that  of  ^  to  il ;  and  under  such  conditions,  in  order  to 
increase  the  strengtli  of  the  current  we  must  increase  the  sur- 
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faca  uf  the  plaUis.  If.  oa  Uic  coutnry,  the  exterior  rMistann 
is  very  LiTo'*',  lljc  fonnuU  sliows  that  great  guiu ,  will  result  Iran 
increaiiing  thv  hhiuIku:  of  tbv  cells,  null  that  liulu  or  no  atlru)- 
tago  vrtllVccriiv  from  eitlat^ing  tb«  fiurfsre  of  tlic  plali^^s.  More- 
over, tliu  funuula  enables  us  in  any  case  to  determine  v\m 
prvpoTtioD  t)ie  iiiiniber  of  cells  ahould  bear  to  the  size  of  (lit 
pIiU4-s  in  onier  In  ol>taia  the  fuU  effect  of  any  battel^'  tn  Adog 
ft  givco  work ;  find  in  the  niiucrouii  applic&tions  of  electricity  a 
the  art»  we  find  abundant  iUustmtions  of  the  priaciples  it'il)^ 
volves.  The  methods  used  in  findinij  tlio  values  of  the  rjuaatt- 
tiea  represented  in  tJw  iormnla  liu  beyond  the  scope  of  this  n-orti 
and  for  such  infomiatiao  tlio  student  is  referred  to  vroil^s  n 
Phj-sics. 

97.  coMtTootioa  of  c«ui.  —  It  is  fonnd  pmcticoUy  that  tb 
simple  ooiitbination  of  plat«3  mid  acid  first  described  muGl  b* 
shV'litly  modified  in  order  to  obtain  the  best  results. 

In  lh«  Gret  place,  inth  the  zinc  and  sulphuric  ftcid  of  CCOh 
merce  contain  impurities,  which  give  rise  to  what  ia  colletj  lool 
action,  and  caose  the  zinc  to  dissolve  in  the  acid  when  the  bat* 
tcij-  is  not  in  action.  Fortunately.  liow&»-er,  if-  has  been  found 
that  such  liWl  action  can  bo  wholly  picvoiiltcd  by  carefally 
amalgamnt  ing  iJit;  surface  of  the  tine  aiid  fl!^  ■    r-  ncidulatal 

water.  The  nuiv^ury  on  the  surface  of  llie  . ;;,.  ,,.-tLe3  art*  as  ■ 
solvent,  and  gives  a  certain  JVecdon  of  rnotioa  to  ibe  parlides  uf 
tlte  metal  TTieae,  by  the  action  of  the  poUr  fonaa,  are  bMughl 
to  the  surface  of  the  plate,  while  the  impurities  ate  forced  back 
towards  the  interior,  so  that  the  plate  constantly  e>r;>oses  a  mf 
face  of  pure  sine  to  the  action  of  the  acid.  By  fUiering  %t 
HMDovo  tiic  particles  of  plumbic  sulphate  which  retnain  flnattn; 
in  the  sulplitiric  acid  for  a  long  time  after  it  has  boon  diluted 
with  water,  and  whieh,  when  deposited  on  the  surfiice  of  tha 
zinc,  become  points  of  local  action,  eves  when  tlie  plates  bait 
been  carefally  amalgamated. 

tn  the  second  plnoc,  the  continued  action  of  the  simple  ee» 
hination  firat  descrilwd  devcl<ips  conditions  which  soon  frreatlf 
impair,  and  at  la.it  wliolly  destroy,  it^t  efficiency.  Tlic  h^ilmgoi 
gas  which  by  tlie  action  of  tbe  current  is  evt^ved  at  the  plothisD 
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|i>Iato  •dfaam  Btionglyto  iTji  suri'ace,  and  with  its  powerful  ftRiiii. 
ii«9  dr«W9  back  the  lines  nf  atoms  moving  towards  the  zinc  plau^ 
and  tlius  diminishes  the  effective  electromotive  force.  Moreover. 
after  tlie  battery  has  been  working  for  some  time,  the  water 
becomes  cliaiged  u-ith  zinc  suiphato ;  and  llien  the  zinc,  follow- 
ing the  coone  of  Uie  liydrogeD.  13  also  deposited  on  the  surface 
of  the  platinum,  wliicb  adcr  &  while  become*,  to  all  intents  and 
purposes,  a  second  zinc  plate,  and  then,  of  course,  tJie  electric 
current  CCOSGS. 

Both  of  these  difilcultiea,  however,  have  alao  been  surmounted 
by  the  very  simple  arrangement  made  by  Mr.  Grove,  of  IjintJon. 
The  Grove  cell  (Fig.  15)  coosista  of  a  circular  piste  of  zinc  well 
amalgamated  on  it3  surface,  and  immensed  in  a  gloss  jar  contain- 
ing  dilute  sulphuric  acid.  Within  this  xinc  cylinder  is  placed 
a  cylindrical  ves^-l  of  tnttch  smaller  diaiivoter,  made  of  porous 
eartb«swar«,  and  filled  with  the  stmiigeflt  nitric  acid,  and  in 
i;(his  hangs  Uie  pUt«  of  platinum  (Fig.  1&).    The  walls  of  the 

Pit  la. 


I  cell  allow  5x>th  llie  hydrogen  ftnd  the  zinc  atoms  to  pass 
f^«ely  on  their  way  to  the  plnlinHm  plate ;  but  the  moment  they 
reach  the  nitric  acid  thej-  are  at  onoe  Olidized,  and  thus  the  sur- 
faco  of  the  platinum  is  kept  clean,  and  the  cell  in  cf>n<Iition  to 

its  maximum  electromotive  power.  In  tJiis  combination 
re  may  substitute  for  thu  plate  of  ]>tatinum  a  plate  of  dense 

Bttoh  aa  foniis  iu  Lht;  iultii'ior  of  ffU  retorta,  which  is 
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T^et^'Uttc]!  ch«Aper,  find  enabttt  -vs  to  ocrnstmct  large  cells  ila 
Uodentc  cost.  Tiie  use  of  gaa  coke  wn»  tirst  suggested  by  I^ 
'feasor  Kunsen  of  lleidelbei^g;.  and  the  cell  so  «fttistrtict«d  geno- 
ally  bears  his  name.  Tbe  ]Iu)i.<iaa  cell,  such  as  is  repreeeatod  ia 
l-'ig.  17,  is  cxceediugly  xtell  adapted  for  use  in  tbe  tabonttor;. 
These  celU  are  usuully  made  of  nearly  a  uniform  size,  tbe  liiit 
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cylinders  beiug  about  S  c,  m.  in  di.^uK^el■  by  22  c  in.  high,  uA 
they  ttre  fTequeatly  pcferrwl  to  as  n  rotigb  Mandard  of  electiieal 
power.  They  may  be  united  so  as  to  produce  effect*  eitlier  «( 
intensity  or  of  quantity.  Tlio  inteniiity  effects  urc  obtained  ia 
tbo  munner  already  described  (see  F^  14);'fcQd  die  tiuantily 
effects  are  obtiiined  with  eqoal  iwadinqsa,  since,  by  attacliing 
tbe  ziiic  of  several  celb  to  tlie  same  metallic  comluctor,  And  tin 
coiTcaponding  coke  plates  to  a  similar  conductor  we  hast  tba 
cqiiivftlent  of  one  cell  with  large  plates.  Many  ntber  ffnustf 
bnttery,  (iifTeritig  in  more  or  less  imjKiTtunt  details  fronj  tlflie 
here  described,  and  adapted  to  special  applications  of  electtidtr, 
are  used  in  the  arts,  and  ore  fhlly  described  in  tlie  larger  vmria 
on  I'hysics. 

98.  Bieettoiyaia.  —  As  onr  theory  indicates,  Mm  deetrieal 
current  btM  the  remarkable  power  of  imparting  to  the  nnfika 
atoms  of  almost  all  compound  bodies  mottou  in  opposite  diwo- 
tions,  like  that  in  the  bfittery  cell  itself,  and  thi«,  too.  nt  wbft- 
evcr  point  in  the  circuit  they  may  bo  introduced.  The  Oahaaii: 
Iiatt«iy  thus  becomes  a  most  p^jtent  aji^nl  in  producing  chemiral 
decompcmlious,  and  it  is  in  oonaoqucuoc  of  this  fact  that  tlM 
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kiXiTy  of  the  instntment  tiUa  such  an  important  pUoo  is  Uie 

hiloeopby  cif  dR-niislry, 
If  wa  bnak  tbe  inecallio  conductor  at  »iiy  point  of  a  closed 

Jrcuit^  tlie  two  enda,  which  in  cUemical  experimvuts  wo  tuunlly 

na  witii  plaiinum  plates,*  aro  callud  poles.    rUe  eixl  connecl^i 
ith  the  platinum  or  coke  jilate,fn>iu  whicli  tJie  posittre  current 
aaaamed  to  Qov,  is  call<»l  tiie  positive  pole,  and  the  end  con- 

lected  with  tbo  zinc  plate,  from  which  the  npgatt\'e  cuireat 

ows,  is  oaHed  tJw  Mffnttefl  juile.     Let  wi  assume  that  Fig.  18 
prf»ent«  the  two  plilinum  poles  dipping  iu  a 
xAiaa  pr  hyilrochtohc  awd  in  water,  vhich 
Iwe^noo^  a  ]«n  of  the  circuit.     The  mo- 
ment tho  circuit  is  thus  dosed,  thq  II  and  CI 
atoms  begin  to  travel  in  op[>o!ute  dirvcttons, 
just  aa  in  the  battery  cell  below.     The  lijrdro- 

;en  atoms  move  with  the  pcaitice  eurretU  to* 
■wards  tlie  ii«j:at!vc  polo,  and  hydrogen  giw  is 
dis<iu;fa(;cd  from  tho  tsurfiice  of  tho  ii«g&tivo  plato,  whilg  the 
chiurtDtt  atoms  movu  imili  the  ntffaiive  current  towanU  the  poti- 
tivo  ]>ol»,  and  chlorino  ipm  is  u\'olv4jd  from  the  surface  of  the 
positive  plate.  Moruo^er,  it  will  he  noticed  thitt  each  kind  of 
atoms  moves  iu  tiie  mmo  direction  on  tlie  closed  ^rcuit,  that  is, 
folkiwa  the  course  of  the  same  cun'ent,  lulh  iu  the  hattoiy  cell 
below  and  in  the  decomposing  cell  above ;  and  whcrawr  we 
break  the  circuit,  and  at  aa  many  places  jts  we  may  bniak  it, 
the  same  phuuommia  may  be  produced,  providetl  only  that  our 
buttery  1)U4  sufficient  power  to  overcome  the  T«siAtanoe  thus 
introduociL  , 

If  next  wu  dip  the  polos  iu  water,  the  atoroH  of  the  water  will 
be  set  moving,  as  shown  in  Fig.  ID;  hydrogen  gas  escapit^  as 
before  from  (he  negative  pole,  and  oxygen  gas  from  the  positive. 
We  find,  however,  that  pure  waicr  o])pafics  a  very  great  icsist- 
oucQ  to  Uie  motion  of  Uie  current;  Qiid  unless  the  current  has 
great  intensity,  tlie  effects  obtained  arc  inconsiderable.  But  if 
we  mix  with  the  water  a  little  sulphuric  acid,  tlie  (koomiMsition 

*  Va  nw  ploHnnin  yUtr*  lin^iiw  Ihii  mrtal  doM  DM  twuMj-  enter  into  com- 
biiMtioo  wiUi  Ut«  m4Umi]'  ulicuii.^  agcuu. 
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«t  ouee  becomes  very  mpid ;  btit  cb«n  it  is  Uut  atonu  of  tin 
sulphuric:  ociil,  and  not  thow  of  tbe  VBOf. 
which    are    aet    in   tuolioD.     Tfao   molecnk 

II      H^O^  divides  ipM  /^  bi><1  •^'^4  i  t)»  faf  dn^oi 
oooooo    I     atoms  moving  in  the  usual  dii^ection, and  Um 
HtH,H,HtH,Hil     fttoma  of  SO^  in  the  oppoaite  diiudioo.    M 
-     goon,  however,  aa  the  List  are  s«t  free  at  the 
positive  pole,  they  oome  in  contact  with  «alar, 
which  they  inunediately  decompose, 

and  the  oxygen  gas  thus  genomtcil  c«enpes  ftx>m  the  surface  of 

the  platinum  plat«.  Thus  the  Ksiitt  is  the  same  as  if  irater  wen 

directly  d«conii>ogcd,  but  the  actual  procesA  is  quite  diflbrent 

So  also  iu  uftuy  other  cases  of  electrolysis,  —  as  these  de- 

oompositJons  by  the  elet^trioal  current  are  called,  —  ihe  |nnoev 

is  complicated  by  iim  action  of  the  water,  which  is  the  nsnil 

medium  employed  in  the  experiments.    Tlios,  if  we  uiti>r)Kwe 

between  the  poles  a  solution  of  common  salt,  AVCY,  the  chlonits 

atoms  move  towards  the  positive  i>ole,  ntid  clilorine  gas  is  tben 

ovoh'cd,  AS  in  the  first  example.    The  sodinm  atoms  more  nbo,' 

but  in  the  opposite  direction.     As  soon,  however,  as  tb«y  bis 

sot  free  at  the  negative  pole,  they  dcoom|i09e  the  water  ptesOU; 

liydrogcD  fns  is  formed,  which  escapes  in  babbles  from  the 

pbiliuum  plato,  while  soiUc  hydrate  (catuttc  soda)  retnaios  in 

solutioD, 

2  Z/,0  +  2  .Vfl  s  2  IJ.XvO  +  //■/?. 

We  add  but  one  other  e.\AmpIo,  whidi  illustrates  a  \-ct7'  im* 
portant  application  of  tliese  principles  in  the  artft,  Wc  as«nraaj 
in  Fig.  20,  thai  the  )')nsiiivG  polo  is  arreo) 
witli  a  plate  of  copper,  and  Uiat  to  the 
nejirative  pole  liaft  been  fastened  a  nuMiliI 
of  some  medallion  we  wish  to  copy,  tbs 
surface  of  which,  at  least,  is  a  ffMi  txoh 
ductor.  We  assume,  fiirtber,  tiact  hmh 
copper  plate  and  mould  are  su9pende<l  in  a  solution  of  solphatt 
of  copper,  CtpSO^.  In  this  case  tlte  atoms  of  the  compound  an 
set  iu  motion  as  before.    TltoM  of  copper  accumulate  un  tltf 
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surfncB  of.  tbe  moulil ;  and'  at  Usfi  tlic  cofttin^  will  ftttain  audi 
IbickiiuM  Uutt  il  cat)  be  reioovial,  riiruiaLiiii^  iiu  (.-xucl  copy  of 
'tb«  origiual  laedaUkoL  Meaiiwltile.tbe  atoins  of  SO^  have  found 
at  Lh«  iwHitivti  [Mtle  a  masa  of  cti))pci-,  with  whose  atoms  they 
liave  coiubiuGii ;  ami  thus  fxesU  atUptiat«  of  cocpar  lias  heea 
forneJ,  and  Uie  solution  replen^jted.  The  proc«»t  has  ni  iiflt!<tl 
OftBfiistetl  in  a  tnuisfar  of  meCikl  from  tim  i<|  i  ";  \-]i\Ui  to  thu 
niadaUiuQ ;  hih],  by  ugui^  ap^iupriaW  sulvvin  ,  -il^  r  and  gold 
be  tmnsfcrrud  and  depusiud  io  tha  samti  way.  ,  » 

In  all  iheso  pnx;e»He4  of  eluotrolyau  oui^  i«iiuirknljle  fact  has 
biee-ii  obswveJ, .which  has  a  very  imj^ortan  b«iaiii;g  on  the  theoiy 

,tl)e  balWry.  U  in  anygiv^  citQUil  wa  introdlico  a  uumfam 
of  deconiposintt  celU  coutaiuing  aci<lulal«d  wat«r,  wo  fiud  that 
in  a  i^iveu  time  ejiactly  the  same  amount  pf  gas  is  evolved  jn 
each;  thus  .proving,  what  veJi^ve  thus  &r  assumeil,  that  the 
moving  power  is  absoluuJy  the  sama  at  all  poiDte  on  the  cir- 
cuit. Moreover,  tliu  oiuouDt  uf  i^  wliich  is  evolved  from  such 
a  duKonipusing  cell  lu  thu  unit  of  tiuie  u  an  accurate  measure 
of  Uiii  strvugth  uf  tJiii  curniut  actually  lluwiug  in  any  circuit, 
oud  this  luo^iti  of  Dieaiiuniig  Una  quantity  of  an  electrical  ountDt 
is  coiuuutly  U3cd. 

Wtt  sltould  iulj^  from  the  facts  alreuily  stated,  and  the  priiici- 
ilc  1)08  been  contirmed  by  the  lao^t  cai-eful  vxperimunts,  that 
tlie  cht.'iuiail  chaiijjeii  wlucli  may  take  place  at  diffitrcut  poiuto 
of  Uie  flame  closed  circuit  are  always  the  exact  equivalvuta  of 
each  other,  [f.  for  example,  we  ha\'e  a  aeries  of  Urove  cells, 
axran^  as  in  Fig.  14.  and  interpose  in  tlie  external  circuit  two 
decomposing  colls,  as  in  f  iga  19  and  20,  wo  shall  find  (provided 
tlicrv  is  uo  local  action)  ttint  tlu:  weight  of  zIdc  dissolved  in  each 
of  Uio  fi^'O  tirovo  Ci^lls  is  Ihu  axucl  chematl  f^imlaU  (§  27),  not 
only  of  the  weight  of  hydrogen  gas  evolved  fipni  the  first  decoin- 
potfing  coll,  but  aI»o  of  the  weight  of  metallic  copper  dcgxisitcd 
OB  the  mould  in  the  second.  For  every  C:i.-fcgmmnies  of  oo]i|>vr 
dcpoeiled,  2  grammes  of  hydrogen  are  evolved,  and  65.2  gmmmea 
of  zinc  are  dissolved  in  eaek  oell  of  the  batteiy.  If  there  ii  ubo 
local  action  in  tho  ci-lls,  tho  chemical  change  thus  induced  is 
added  to  the  normal  ufTect  of  thu  battel^'  current. 
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Tins  IttiftorUtit-liilMqae  C<Ii«oov(trtd  1>y  Fftindav)  i»  fn  eiiSR 
Imnoony  wiili  Uietiten^  of  cluciricity  dc^'elo|M!'i  in  ihu  cbap- 
tar.  Id  tbe  single  Voluic  ceil  (Pig.  10}  there  in  but  obb  mnfot 
of  Tnn  electricity,  which  all  flows  through  tfao  eamn  conductim 
Id  a  \'ciltaic  battery  (Fig.  14)  ihvn  are  as  many  sooroea  o(  fine 
electricity  as  there  are  sepumte  ccUh  :  Imt  oaly  the  free  ebo- 
tricity  received  od  the  end  plates  flows  through  ihu  longer  am- 
(luctor.*  for  that  nx.-etTod  on  (he  intonacdiatc  platuit  heeoiies 
neutralized  in  the  shorter  condaotors*  oniting  (ho  eclb.  I* 
oithiT  cast-,  if  A  ltf]uid  f<3Titia  a  part  of  tlie  principal  ounducM; 
m  in  Fig.  18,  then  the  mulueulcs  of  the  liiptid  dccrfiuposed  lif 
the  onrraut  bocoiue  no  udditiuiial  courco  of  elvctrivity,  and  Um 
currents  flowing  from  tlie  two  ends  of  thti  htitfirr  are  a«itnl- 
ited  by  the  ctiargcfl  of  electricity  which  tiio  atoms  liberated  Own 
th«  tdectroly t«  t  bduj;  with  tbem  to  eitlier  duotrude  t  Thus,  in 
FifT.  18,  the  puiitive  elwAriciby  Sowing  from  (h«  ioac-tire  fim 
of  th«  battery  is  neutiulizeil  by  the  oegAtive  eleotncily  wbkli 
the  chlorine  atoms  yield,  antl  the  negative  electricity  bom  (ht 
active  plate  of  the  battery  by  the  positive  electricity  which  the 
hydrogen  atoms  yield.  2<ow  since,  aocoiding  to  our  theury, 
the  strength  of  a  cum-nt  is  necessarily  tbe  same  at  a]1  jiointc  of 
a  continnous  circuit,  lK>wever  ext«n<l«d,  wid  since  tbe  Btnotwl 
of  electricity  set  free  in  tbe  decomposing  cell,  as  in  tbe  hattai; 
cells,  most  be  proportiunul  to  the  number  of  aUniiic  booik 
lirokea  (§  83),  it  i»  evident  that  it  would  re<]uif«,  for  example 
twice  as  many  hydrogen  as  copper  atoms,  bbcnited  on  the  boa 
of  an  eleotmde  in  a  given  time,  to  supply  the  same  citrrent,  and  i 
(bis  is  etiuivalent  to  the  principle  stated  above. 

The  examples  which  have  been  given  are  snflicient  to 
tnito  tlic  reinarkuble  power  which  t}ie  electric  currt^ul  \a 
of  setting  iu  motion  (he  atoms  of  compound  bodies.  Innutiiep- 
able  expertnienls  have  shown  that,  in  rtfcrcuce  to  tJK'.ir  ivUdaai 
to  tJte  current,  ib»  atoms,  both  sluipk!  and  Compound,  may 


■  It  otll  >)•  notloftl  th«t  each  of  Uie  fiva  ogndwUn  ig,  f  ty.  \t  mUkiat  I 
•unc  rrlnilorw  to  tht  batUrf  u  &  wbols. 

t  The  liquM  Mbmitta]  to  vlrctnit\il«  b  (^antl}'  edM  m  tttetnlfU,  tad 
th«  inacUn  pole*  lUpping  isto  the  Iliinid  dfa  alM  calkd  tUetndt*. 
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dirtd«<l  into  two  <*reitt  cWs^ :  fiut,  those  uliicb  tmvil  on  Uie 
Jine  of  Uie  circuit  in  lh«  direction  of  th«  positive  mirrenb,  wii] 

>tlow  in  the  kai)  of  tlio  hydrogen  atraus ;  and,  secondly,  Ihoss 
vhioh  follow  the  lead  of  the  cbloriiie  atoms,  and  move  in  tite 
oppoitite  direction  nnth  the  negative  cunrent.  Tlie  firat  cla.ss 
of  atoms,  or  radicals,  we   call  posUtK;   and  the  second  class, 

yative. 
The  opposition  in  (inalities  of  the  chemical  atoms,  which  the 

iudy  of  these  el«ctricul  ])htitioniona  has  iwcuK-d,  is,  iu  many 
at  Ivust,  rulativo,  and  ivA  uhsulutc.     For  while  there  are 

■me  Blomit  which  always  mnnifu»t  the  samo  cliaraclwr,  tl»ere 
are  others  whicli  appear  iu  some  associaliona  jxHtilive  and  in 
other  associations  n«^tiva  To  such  an  extent  ia  this  true,  that 
the  electrical  relations  of  tlie  atoms  are  best  shown  hy  KTOUping 
the  elements  in  series,  which  may  be  so  arranged  that  each  mem- 
ber of  the  series  shall  be  electro-positive  when  in  corobinatioo 
with  those  elements  which  follow  it.  and  electro-negative  when 
oomUitod  with  those  which  precede  it. 


ELECnUCAL   MEASUREMENTS. 

rnndamcntal  L«wa.  —  Tfae  following;  furmulte  express  the 
imporfauil  propmtice  of  electrical  currents ;  — 


in 

{1.)    c=Fy- 


(«.)   c=l 


(4.)    W  =  C*Iit 


{3.)     Q  =  Ct 
(5.)    W=QE 


The  first  defines  strength  of  current  as  a  magnitude  propor- 
~tional  ta  the  fotce  which  it  oxcrts  on  n  magnetic  pole  uudet 
constant  conditions.  These  conditions  an>  the  strei^th  of  polo, 
nt,  the  len^h  of  the  conductor,  L,  —  ndsume<l,  as  in  tlie  common 
form  of  >.'iilv«nomct«r.  to  hi  bent  in  a  circle  around  the  pole,  — 
and  the  radius  of  this  circle,  JC.  The  nuit  of  force  is  that  force 
which  imparts  to  one  gramme  of  matter  the  velocity  of  one 
iiwtre  in  one  second,  and  the  unit  pole  that  pole  which  at  a 
distance  of  one  metre  repeU  a  similar  and  et^ual  pole  willi  the 
unit  force. 
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Tbe  seoond  is  Ohm's  fortnula  (§  Q5).  itnA  axpressea  thejoMel. 
pie,  wtiicli  can  be  nmlily  dvinoniitrmuid  cxperintuntaUy,  tiiuL  tht 
HntigtU  oi  earrent,  «^  defiueti  hj  (1),  is  Erectly  proponsmal 
to  tlie  elKctromotivo  foroe  of  'tba  givan  circuit,  nod  imenelf 
proportioiial  to  the  reaUtauce  of  the  circuit  U  «l80  tm-olni 
the  additional  truth  that  in  difftr^nt  })arf«  of  tb«  «mtw  ciraiil, 
where  the  streoi^h  of  current  is  uec^aarily  the  samo  (§  95).  tki 
OiBttrencti  of  ttmsion,  or  potentisJ.*  lietn'eeii  aiiy  two  yoiat*  a 
always  pruportioaul  U>  the  resiatanoe  between  Iheso  poiot*. 
'  The  tliitd  exprassui  *  Uulh  hist  v«ritied  sxpeiinwiUlljr'fcr 
Fund»y,  ilmt  ihu  tjiiaiiUty  of  okctricity  which  paaaesany  piw 
of  ft  fiirvuit.  aa  inuastirvd  by  tiie  amount  of  elacCroIyais,  iifOD- 
porridiial  to  Die  sti'eiigth  of  Uiv  cuncat  aud  the  time  diuag 
which  it  Hows. 

The  fourth  flxpre»»es  An  im^ATtant  law,  lint  demonsttatad 
espmmtiiitally  by  Joule,  that  the  work  done  by  a  cnrrsiit 
(&  g.,  the  quantity  of  heat  general**!)  is  proiKHtioiuil  to  tbl 
square  of  the  current,  t»  the  time  during  whicli  it  acts,  anl 
to  the  TPsisUnce  which  it  encountura.  Jt  should  be  njaaw 
bered  in  tliis  L-onucclion  that  the  unituf  force  acting  thmt^ 
one  invtra  docs  iha  unit  of  work ;  that  tJic  force  of  gravity  aet 
in"  on  one  frnminie  of  ni*ti«r  tliroogh  one  luctra  does  9.8  mau 
of  work,  ocgiud  to  one  inetTe*fnnniin« ;  and  that  the  itnit  cf  b«at 
f§  13)  i«  eqaivftlent  to  4,ir.7.2.'i  units  of  work,  or  ■423,8  ni*tm 
gmniorws.  ■'  -   «»"in 

*  Ttw  infliwnce  of  [ti»  t-Wtruiimlivw  Tin*  Mr*(U  1]lr«UF:)iaot  t]w  ciimi. 
auaing  at  cvriy  enm  sMiiaD  of  tli*  a>uitu«lar  wlwt  <n  tuny-  call  db  tlatn^ 
jiiviuMw,  which  rrcMlatn  the  D^w  of  Ibc  ^ict'ltil;«l  c^treiit.  Tltl*  pr>*«Hn  * 
gtnunt  at  itir  turfiio*  of  thn  uniTn  j,Uic  vbcn  thr  [xywcr  otigiiiairR,  and  iSiaua- 
itdin  w  ir«  pn>n<«I  MMMiit  ihn  i-Inftfl  In  ttilmr'iirwtiim.  Ai  '■ntnr  iatpnarilkli 
aaltUm,  ohvb Um  opforiM  ramrnU  nratnliMnfliMba',  tlt*|>maur>  Uii«««id 
M  «•  aioTi-  buk  irom  thii  ncutnl,  point  agguiil  (W  n*t^*^  ourtnnt  ««  *>>*^ 

liT  ui  trtr-incrraiing  "  Dcgtlirr "  ptrwurs,  chilt'  In  lliu  oppodU'  lUtivllue  *t 
nn*!  •1  m!r-i!M-Tf*«lng  "potltirn"  |>r<-uiiTv.      What  «rc  Iittt  bbH  vtortrlral  J>n»- 

Mt«  U  ciIImI  ibnve  Undon  ^  pr^niiil,  bmI  •Hihont  Nttrmf>tlnK  to  pre  •tlW' 
ntical  ixiucqitiou  oT  it*  natui*.  It  U  knlHt'iviil  la  lay  t^t  it  b  ■  fetvo  iiiMHiiiit 
«B]r  point  «i  th*  cinuit  bf  tltv  UoJciiny  oI  Ih*  «uniiii]  tu  liBir>  tlu  MiwlaC**- 
Ohm**  rortnuU  Iioli*  not  only  for  Uic  Kbok  cirrui!,  1>u(  kIho  for  may  put  af  il  i 
lot  In  meh  euM  J?  iitaniU,  not  Tor  tlie  whok  fl««traniol(v*  fiMt^  bolbrlkf 
■lifferMK*  tt  uiuioD  b«tvf«  Uw  tw»  «&d>  of  the  pottion  ante  rrmiiilMiliwt 


i  i«-J 
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The  fifth  U  inrolvod  in  t1i6  |iiiflhMitlfWft"frtiiii1  which  K  is 
KAdily  df^docod,  aud  <;x{ints3i!s  thorMfeftflit  the  vrotk  diine  ia 
any  pontoo  of  Uih  drcnit  is  ptotKntiotuil  lo  the  quantity  of  eltic- 
tricity  wliicli  possea  oves  ii^  oiul  to  the  diiferance  of  tcuMoa 
betwvD  the  two  ouiU. 

100.  Kirehboff  a  idwa.  ~~  The  foUowing  propositions  may  be 
di^luced  fVom  the  general  theory  of  electrical  curreDts :  — 

Ut.  The  mm  of  the  otrrtRta  icAiM.  approiMh  any  point  U 
always  tquai  to  those  whieh  recede  Jrvm  it. 

Or.  if  -we  distinguish  the  first  by  a  pins  aiid  the  Mcond  by  A 
i]egati\ie  sign,  we  may  say  more  gciiendly, —  T 

The  sum  (jf  all  lite  oartnta  which  ineti  at  anoint  is  equal  to 
zero. 

2d.  Onani/amtinuoutUneofamdiietorstkesmnqfllupToduels 
o/  the  Tmttanc€9  of  tht  teveral  porta  by  the  strength  of  the  currmt 
i»  rack  jiart  it  rqval  to  the  sum,  v/ ths  eledromatvK  fartca  included 
in  the  sume  eiosed  circuit. 

The  last  proposition  holds  true  of  Bvcry  circuit  which  may 
be  traced  in  auy  system  of  oonducturs  and  batteries,  liowevet 
coinplicnted  tlio  m&zu ;  only  cuirvota  llovriiig  iu  opposite  direc 
tioDs  Willi  ri'fcrcDco  to  the  given  circuit  must  be  dialiuguished 
by  opposite  aigns.  Moreover,  tho  sum  is  eijual  to  zeto  wh^ 
there  ia  no  elecbramotive  force  on  the  tine  of  ooDductora  under  • 
consideration.  >    .  .  ^^ 

lul.  EivctrLcai  Unita-  —  la  the  fotlowing  problems  the  values 
C,  A  r.  and  £  »i  Oluii's  formnk  on)  nsmuied  to  be  ui<!iiuvn>d 
in  tenns  of  tUo  following  uiiit^  Fint,  th«  unit  a/currtnt  is  time 
which  would  produce,  by  the  doctrolysis  of  water.  I  olal^ot 
hydrogen  and  oxygen  gas  (meii.<tiircd  under  standard  oondittoD^ 
JD  one  minute.  Secondly,  the  ttnit  nf  rtsiMaHen  is  that  offered 
by  a  pure  silver  or  ct^per  wire  1  m.  long,  and  1  ni.  m.  in  diame- 
ter at  0*.  Lastly,  the  unit  of  eUelromoiivc  forte  is  that  which 
tnuinuib)  a  vnU  curretit  agaiuat  a  tmit  resistance  Id  a  unii  of 
tinu. 

By  means  of  tlip  maj;rctic  and  thcniifil  relations  gh-en  hy  (1) 
and  (4)  of  I  99  above,  it  'a  possibU-  to  cxpn-w  the  viilues  of  the 
three  ttl«mcut4  of  aa  electrical  current  iu  Uhiua  of  the  fuuda< 
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mental  units  of  spocu,  wei^IiU  and  liue.  tJte  metre,  the  gt&nM;] 
aod  thi!  sccuud.  The  fullowiD<,'  fonuulH:,  in  whicli  /.  =  leUSt^l 
M  =  mass  or  weigbt,  and  T  =  time,  aru  easily  deduced,  invdr- 1 
lag  oul>'  simple  mechanicnt  principles :  — 

l,„  V«locit,v=  F^^ 


Ji 


Work  =  r»W  = 


n  OIK  in  metro  fnuomn'  =  -=~  ■ 


9.H 


Sueitgth  of  pol«*  =  m  = 


i.U' 


6li«i)gth  of  current  1  =  0  =  ~"9'~ 
Quantity  of  dectrieiiy  =  <»  =  CT  =  J^M* 
£]cctrOTDotiT«  fwreo  e  JP  =  —  =  — =- 

Roatitauce  sff^-^ss^saF 

The  values  of  C.  R.  and  /?,  when  tlie  several  factore  in  tlie  bh 
niultv  expressing  their  values  arc  each  taken  equal  to  niun'. 
are  called  the  electromagnetio  unite.  Thus  the  tm{t  oT  wmt- 
anc«  is  a  velocity  of  one  metre  a  seoond.  J  Theae  absolute  i 
however,  are  of  an  order  of  magnitude  which  is  un«nit 
onlinnrj'  moasnreraents,  but  the  fi'Ilowing  veiy  smull  mn 
or  submuliiples  majr  be  used  to  advaotage:  — 


TKIf  nine  I*  Ttmi.Qj  <Xli*hiA  'hf  omti^vrinf  lliat  Um  rorrp  mrM  brtm 


•«■ 


Ih*  two  |«1ea  muat  lie  F^  Tm  oi  —  ^,  wheu  iLn  tiro  poln  an  ■)■>!    tto* 
n^s.Dv'^.  I,,     -  ,     ,        ,,,,  ,  ,,     -1   ,  ■, 

' '  t  Fnr  iliv  inliriirri.-iiiiiii  iit  lliit  rrnuir1(>b1i>  mmlytl^I  rcmih,  att  nafUtlf 
iMHtlKVoQ  "AlxnluteSj-ttemorElcctttHlMeWiRnnta." 


I  wi] 
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L-Kn'AtliaOlini          equal  U  K^ahMloMOKlu  of  h(£iUiio&                i 

ilr"  S  '•   .\li<«'>hm          ■'      to"         " 

"            •■                       lil 

»    R   "    Mi.;lnhni            "   ,    IM     -         t*   ■ , 

It                    u 

"     ^cuvmotive  force. 

"    Jf  *■   Microvvlt         •'      10->          '* 

»                    It                          M 

"    C  -  FM*d                "10-' 

"     quantity  per  wconiL . 

"    C"    MfgnfcMii         "      H)-»         '• 

«             u                 •• 

••    C  "   Mictofomd        "      )0^"        • 

,1           «               ■• 

1    -          I 

iC  unit  current  i$  a  current  Qf  one  P'amd  ft  second. 

A  pure  copper  or  silver  vm  1  id-hj.  in  diftni«t«r  and  48.61 

long  has  a  resistance  of  one  Ohm,  at  C")"  K,  and  Uto 

imittee  of  tlie  Britiiili  .iVsociation  on  £lectrical  Standards 

carefully  constnict«d  u  standard  Ohm,  of  which  copiea  are 

dily  nccessibkv     Furtber,  yra  hav»  a  closely   appi-oximate 

idard  of  uk'clroinolive  force  in  the  Duiiii;!!  fi:ll,  which,  ac- 

iiig  to  Sir  W.  Tlionipgoa,  is  e<iual  to  1.079  VolU.  or  1  VoU 

0.9268  of  force  yf  Dawiell  cell.     One  Volt  equals  about  500.6 

the  old  units,  ami  a  current  of  one  Megafarad  per  second  wi]l 

lield  during  one  minute  by  the  electi-olysis  of  water  10.3  cTiu.' 

gas  very  nearly. 

Tlia  admirable  instrumenta  now  constructed  for  the  purpose 
ble  U3  to  use  tlie  B.  A.  tmits,  as  they  aT«  called,  with  great 
lity ;  but  in  solving  the  followiiif^  problems  the  older  system 
II  be  found  more  oonTvnieut.  Tho  studcut.  however,  should 
imiliarize  himself  with  both  ;  but  hu  should  \mxt  in  mind  that 
lues  in  Ohms,  Voltjt,  and  Famd.')  must  be  reduced  to  ebsoIuUi 
lita  before  tliey  con  be  substituted  for  C,  It,  or  E  in  Ohm's 
irmula. 


QUfisTiofis  AfiD  vmsixm. 


■V 

III 


1.  What  rotUtanRO  docs  tlie  correat  rniffor  in  an  inn  vire  50  mcttei 
:  and  5  m.  m.  in  diamcterl    Sp.  R.  of  iron,  7.         Aus.    1 1  uiiit«. 

3.  AMiimtng  tlint  Uio  Sp.  It.  of  c>o|>i>er  is  1.3  and  that  of  Iron  7. 
rbat  must  be  the  diamcti^r  of  nn  iron  wir«  n-hich  will  oppo«e  no 
r  resistance  to  the  cumnt  Uiau  a  copjici  wire  3  m.  ni.  in  diaat- 
t  Ana.   4.01  ulbl 
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3.  It  is  found  by  Mcpniinmt  that  a  wire  of  German  biKw,  7.2ftl  m. 
long  emd  l.H  m.  tu.  in  iliumoU-r,  opjioiR*  tliu  wmie  rticuKtuiiee  to  itw  eo- 
lent  u  a  iriro  <>f  inironilveT  10  m.  long  and  J  in.  m.  in  ilionwter.  Vta 
is  ttie  Sp.  R  of  GuTBuui  iiUvcf  1  Jum.  IUl 


i.  It  ia  K<|uiml  to  make,  with  1 32.8  gtammw  of  pnte  ailTer,  ■  «n 
wbir.h  will  oSti-.r  n  racKtuico  of  81  ildito.  \V1uit  miut  1m  tit  li^^ 
nii'l  ilinmotcT  I    Sp.  Or.  of  silrsr  =  10.57. 

Solution.  —  Itopn««ntitiK  by  x  lh«  Icngtb  in  mttrft,  nnd  l>j  » i  ■ 
(ltam(>tor  ia  milliiBitrrt,  v^  Joduceby  [l]^-«  7  10.57  =  132.9,  at>.l  Vj 
tho  laws  of  coaduciion  ■%  =  81.   Wh«uc«  <  =  36  m.,  and  y  =  J  m.  n. 

5.  What  is  th«  length  and  dionioter  of  an  iron  wire  veagliiK  ^•^ 
graminus,  which  oSore  n  rc«i(tai>uo  of  0,073  nnlUt  It  Ut  knotrii  lltf 
the  Sp.  Or.  of  Uie  iron  =  7.75  and  it«  Sp.  B.  ^  7. 

Am.   Lentil,  141  m.;  diametei;  J  is-a 

6.  Piom  n  giv«n  wire  thno  an  fbor  thnnelMi^  of  which  tb«  laat 
anco  ia,  respectively,  10,  20,  SO,  and  40.  ^Sequired  tJ«  lotjd  mtJataaa 
when  the  current  pusans  tiimiiltiiiiootuly  through  tho  f»tiT  brwidMe. 

Solution. — The  ri-aistunce  in  llie'  firgit  bmnch  nuiy  be  repK^MibJ 
by  a  imnniJ  sih-er  wiru  1 0  m.  lonji  and  1  ra.  m.  in  din^]et4^r.  If  wo  oil 
the  area  of  a  transveiGe  saction  of  thijt  wire  «,  thnn  tho  raaistence  In  Qt 
other  three  Imincbes  will  ho  rvprtvontod  by  normal  wine  of  tlio  MM 
lo&gU),  but  having  00  the  crow  SMtiom  the fkmu  }•>(«■  u>d  \t,it- 
ipacUrcily.  If  n«xt  w«  c«nc«iT«  of  tbeM  wires  aa  mefSHl  in.  ana,  hw 
log  the  common  loogtb  10  m.  snd  an  ai«a  on  tlw  noBtinn  eqwl  to 
(1  -t-  ^  +  1  +  1)  *.  it  ia  evident  titat  audi  a  wire  will  npransit  tiv 
iHutuice  Tcquired.     Houco  w«  caxily  deduce,  —  Ana.  U 

7.  A  doted  circuit  Iin«  two  bmnchc*,  throitgh  which  tbe  rvttwl 
panes  slmidtaDOouely.  In  ono  bnncb  r  =  100,  What  li«^lh  rf 
oopjwr  wim  5  m.  m.  in  diameter  must  bo  nwd  tor  tbe  utlier  tlial  Ifa 
total  r  =  60i  Aaii.    2,!i(KI  mtom. 

B.  A  conductor  ha«  two  bmnch<«,  one  haring  r  ^  79fl,  the  cAa 
W  atjjll'ted  that,  when  tliu  cum'nt  paw«e  at  the  mne  time  ibtixsh 
hotb,  tho  tolal  rceictancu  v([<ials  540.  Itniuired  the  leu[{th  of  a  Cff- 
man  rilvor  wire  }  m.  m,  iu  diameter  and  Sp.  R  ^  1 3.9,  which, 
inaortod  in  the  adjusted  bntuch,  will  iBcraaaa  tho  utal 

to  em 
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SiJuti^n. —"Ry  Uift  prtiiiii[)la  of  I  ho  ha*  problem  wpwisily  find  Qiat 
the  r«si£tnii««  in  Ihv  iuljiut«il  bmi>«h  before  iiiBenicin  equal*  1,990, 
aiulftfler  ioaBrtion,  S.TfK).  XhctlUferenca  between  tJiwe  vahi«a,  1,(1110, 
it  the  nuBlouce  du«  to  Uie  ioeotted  wiro.  Honce  ib>  Ittii^h  must  b« 
37.8  motRo. 

9.  W(!  hftve  »  battery  of  aix  DaoieU  oelb,  in  eoHi  of  wliii:h  X  =  47S, 
A  =  io,  acui  the  fxternd  rosutance  sgaiutl  wbiu)i  thu  batt«iy  is  to 
work,  r  ^  10.  Tliu  evlhi  niajr  bo  amnijud,  lot,  m  six  8iDgIi>  elements ; 
2<J,  as  three  ilniiblo  clonifiitji;*  Zd,  lui  two  thtncftfld  <<leui«'iila ;  4thi 
SM  one  Mxfold  dciocDt.  FiLi]tiirr<I  thr  ciirront  stivn^-tii  in  (<a(.-h  uutti. 
An*,   S8.5,  43.8,  47.6,  and  38.(J,  lutpMiUvotj! 

'  10,  We  haTB  a  battOTy  ot  Iwolve  Orore  cells,  in  aach  of  which 
JF=S30,  aud  ff=lS,  to  wotk  agftinst  an  c««nial  rt-sii>titiic«  of 
*■  =  24.  Itequired  tliB  etreagtii  of  curreut  when  tJie  eclli  arc  iimuigod, 
1st,  ns  tvrelve  ^n(;l«;  3d,  as  six  tvotbld;  3J,  ai  fuiir  thnx-i'old ;  4tb, 
as  Lhn«  Eoutfold ;  j>tb,  as  two  sixfold ;  and  Gth,  aa  one  twvjvcfold 
cOciuent.        Aiu.   41.5,  6X8,  60.2,  q6.4,  Hi.S,  uul  32.5,  teepectivKly. 

w  II.  With  a  single  cell,  where  K  nnd  R  hnvo  a  constant  vaiue,  what 
I  It  the  maxfmuin  Btrenijth  of  current,  and  under  what  conditiuii)  would 
Mt  U  obUiDt-d  1  j^^  J^  ^lj^^  ^j^  «xternu]  teaiatanci  ii  iwithing. 

'  12.  With  fi  oella.  in  eacli  of  which  E  iitnl  R  hiiTis  thn  wimu  valne^ 

w\wi  it  thl^  inuximtim  stnui^li  of  onrrant,  and  uttdor  wliat  condittoDa 
wouM  it  lin  ol>t»in«l  I        ■  -^    ■      i   .■    ifm      ■       ■ 

Atu.  11  ^,  vthen  tho  cells  are  armngod  as  ono  n-foM  element,  and 
work  against  no  external  Ksietanco, 

13,  With  n  colls,  as  aboTW,  working  ugainst  a  ijiven  axternnl  msMt- 
anoe  r,  hov  sliould  the;  be  anan){«d  bo  as  to  obtain  the  nnximum 
■rolnioofCt 
.  An*.  So  an  to  moke  tlte  internal  Tutstanoe  oqoal  to  that  of  the 
external  ciicuit. 

*  6j  <IoaMi>  (Uniciitt  ia  iu«*iil  n  grou;)  of  Iiro  wlti  coupled  for  qnintily 
(I  (IS)  Mid  (•iiiivalrnt  to  ■  large  fril  hni-iuK  plulci  cif  tiriw  thr  tire.  Six  iloiilila 
elnncnli  b™  six  nich  fronpa  wmngcd  for  Intcroily.  snd  lb*  oUiei  leHHi  li»v»  a 
■inalliLr  mtunlo^.  ' 


1 


if  eampotrod  elemenU  fomri 

C  m  OtaA  faanh  is «  ^liiiiniii.  we  sbndl 

iiw^i il  elenMmta,  each  taaui 


■u  uaageinetU  would  h 
k>  xS -«- ^  =  —  A  <cODfH»  Pi*l> 


c= 


■>-r 


oC  r  'wfan  Cii> 


iksM^Mj 


CX 


It^ 


-=<^ 


T&«m.dmac<6  if  te  ns^  »  ^  ^  wnsea  «%«a  the  bw 
i^  nf£i3  iJfcp  -tcfcnl  rmi^n.  «  =«?•:  wv»t     Tikna  lAa  ta 

^v■c^^  ^iiM»h>^  '^Skr  =113   rC  am  BMitt  by  cnnpahK  lb 

tk  '''*  atr^  =1  a»  ins  mcc  i:c  t 
anm  v^niai;  kmivc  *  iiaOaf 
■at  .'nr><^i  i<ar«  tr  i  -^^  a  km 

^^  ;r5  -.1=— E»  irt  f>e  £K.  >«  i»  *»• 
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.  of  ptm  ooppcv  vin.  Itequind  th«  graatert  itnuigtli  of  cur- 
EODt,  and  ibe  ditoensions  oC  tbo  win,  that  tlu»  muumum  may  ba 
obUiuetU 

17.  A  simple  Voltaic  cdl,  nhoao  (^IcctromotiTo  force,  K,  m  known, 

workitiK  ngftiiut  an  unkaoum  t<ital  KdstaiicA  JP  (both  ext«nial  &tiil 

iDtoraol),  prudtiuM  a  given  effect  upon  a  galntnoneter.    Another  cell 

differently  cnnxtTucted,  working  against  a  total  resbtance  X",  also  on- 

knowD,  proiliiccji  tlm  mvur  eff-^ct  upon  the  galranomot«r.     It  \i  tUm 

f  obaorred  that  a  niraiaured  Iimglli,  /,  of  nonnal  copjiur  win;,  inicrt«d  in 

[tiw  firat  circuit,  proiincos  oil  the  giiIvnni)mrl<.T  tho  tamo  <liH'«rDnca  of 

tfbct  u  a  lutigth,  I',  inserted  in  the  second  clnuit.    Reqniivd  the  elee- 

fromotivc  furu^,  £*,  of  the  eocond  cell.  <' 

SolHtion.  — Wd  easily  deduce  from  Ohm's  formula  the  two  equations 

X       Ji-       ,      K  FJ  ,  ... 

—  ,  whoncA  we  obtain,  — 


K" 


,       R  IP 


An*. 


£'  =  £j. 


18.  In  Older  to  dotermine  the  electroinotire  fores  of  a  Bunsen  cell, 
it  was  compared,  as  in  the  last  problnm,  with  a  Dani«11  a'll  whose  elec- 
tromotive force  was  known  to  be  470.  AfW  adjusting  tho  external 
naintancea  so  Uiat  both  produced  tbe  same  ftSect  upon  the  galvanotncter, 
{t  wa«  found  that  tlie  insertion  of  3.6  m.  of  coppw  wire  into  the  first 
eiicuil  entisiMl  the  aotne  diantfo  lu  the  instrument  as  tbe  iiucrtioii  of 
JL^^  tnctrcu  of  tho  same  win  in  Llie  circuit  of  Uie  Dani«ll  cell.  Whjit 
ith«  electroraotivo  forcDsonghtl  Ans.  800. 


A  battery  of  40  Baosen  cella  remains  closed  for  nn  hour,  and 
ing  tliat  time  funiishes  a  current  whose  stren^'th  C  =  30.     Iloir 
oh  rinc  will  he  consumed  iu  lliis  time,  asauining  that  there  is  no 
'.  action  T 

on.  ■ —  Sad)  a  eiirrent  would  pn>duc«,  hy  tho  docbrolysis  of  witter, 
>  e.  oi.'  nf  gna  in  ono  minute,  or  l.S  litres  in  one  hour.     Of  Unn  gas 
1.3  litres  or  1.3  critlu  would  bo  hydrogen.     Tho  chemical  equivalent 
«f  ene  being  33.S,  the  amount  of  due  dissolved  in  osch  c«ll  must  bo 
■'1.2  X  32.C  =  39.13  criths,  and  in  the  40  cells,  I,&64.8  criths,  equal 
'  gnuumes,  tho  answ^  n^uired. 

'.  In  an  electrotype  apparatus  (Fig.  20)  16.36  grammoa  of  copper 
deposited  on  the  netptire  mould  m  24  hoina.  What  was  tho 
lb  of  current  I  Ana.  6  luuts. 

le 
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'^Sl'.  IbU)  dKtrotypo  appuotua  th»  olectioBaotive  forcQ  of  tb«  nngU 
cell  employed  is  420,  And  tfae  intenal  nsiaUtico  Jk    Tbs  cxtamal  i*. 

si«taiic«,  inuludiu);  dMompoung  cell,  is  0.2J).  Uovr  muah  copper  Till 
be  di.']>owti!d  on  the  ne^jntive  mould  in  one  liour,  ktid  Luw  niuuk  tine 
vin  be  disMlrud  in  tli«  baltiM^  during  the  «uoe  timo ) 

Ana.   6.088  gnmme:!  of  copper  and  9.346  gnmmea  of  linc 

53.  Thlrtr-tv»  Grovn  oull^  i  <?  =  >*.lO,  A  =  SO  cnch)  «r»  eotuiMM 
•a  4  ti^lfuU  tXiatpMntd  ■*!>  n:'  ki  ,  und  tb«  currant  employed  to  work 
an  «l«etKHitTeriDg  apparatus,  in  -which  the  total  roablanee  nxterBal  to 
tti«  battery  was  equivalent  to  10.  Ite((uired  the  number  of  giwamei 
at'tiiitt  depoHted  cocIl  hour,  and  the  numbur  of  graminioa  of  tiae 
iliaaolvud  tlunn^;  tho  wune  ttiue  in  tbo  balLeiy.  .  ^  ^^  ,„ 

Am.   64.24  gTamncH  ofailver  and  77.56  grammes  of  i1d& 

33.  Auniminff  thnt  thn  nxtiTDol  rwutAooo  canMt  btt  cJianged,  oonU 
the  ^in^c  iniriil'  r  .:  1 1 II  i'  ili>-  iNkttrry  ilmcribad  in  the  la^t  pruUen 
be  so  artanged  a*  to  deposit  nmro  silver  in  the  sme  tine  I 

Ana.   TImj  oould  nnL 

Could  timy  h«  ao  anaaged  a-i  to  di<pont  the  mum  niftmint  of  rflver 
with  IcM  cxpQiwo  of  xiiwt  Wlal  would  tM  Ibo  nuMt  economical  u^ 
raagenieDt,  and  nndcr  tbeaa  conditions  how  much  aitver  WouH  la 
deposited  in  ouo  hour,  and  how  much  itnc  dissolved  I 

Answer  to  the  T.:t  i:iii ^t:ui:,  30.35  gnuumea  of  iQrer  in<I  9J} 
gnuniM  o{  u:ic.  ■      '        ' 

54,  Whnl  is  the  cnTrrnt  through  25  Ohms  with  a  tanaioa  of  ft  Volul 

Am.    C  =  J  =  ~-J5  =  0;5xl(*-*,or0.5irw?ifii«d. 

2A,  What  istfaoworictkmo  by  a  current  of  |>  MegafntaJji  pet  aocoiul 
through  a  rotittanoe  of  10  OhmiT 

Am.  nr=C^  =  (5x  lO-")*  X  10  X  1*  -  2iO,OW)  uiuis  p« 
•eoociL 

26;.  ^^'bat  is  tlie  wotk  ioae  hj  1,000  Farads  in  (idling  in 
1  VoU! 
Ana.  ir=CJP  =  1.000  X  Ift^  X  10*=  1.000  X  10-"=»  1 
wtiil;.     Ilfii-:.'  iJ,W)0  Vollfiuadii  «)ual  1  iiiett«-gramni& 

27.  What  w<mld  bo  tlio  nnswota  to  IVihlMa  10  in  K  A.  anil*' 
Aanuning  that  nine  tenths  of  the  external  roaislanoa  ta  In  a  coil  e/ 
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pittintim  win  mmutukd  kj  a  kilognmiao  of  water,  bow  high  would 
Ibe  temptntura  of  the  water  be  nuswl  in  Un  ininulest 

28.  Aemisiag  that  in  tbo  ay«leiu  of  Ic-tt 

ooodacton  npn«eiit«<l  in  Ptg.  31,  J?  i«p- 
miiiti  tbe  electiomotive  furce  of  the 
txjtato  element,  A  tbe  total  rraietAocc 
tt  Iba  maiu  coadnctor  a  K  b,  //,  and  /^ 
Ite  touBtaDoes  of  Uu  two  cooductora 
isto  wUicb  tb9  main  rimm  divider,  lind 
tbtt  vjJuea  of  tbo  tiinw  coiregpoadiiig  ourvnta  C,  Ci,  Aud  C,,  in  t«nii« 
(J  £,  It,  Jly,  tnd  Ji,.    Prove  Hao  th^t  (7,  :  C.  k  A,  ;  A, ,  and  further, 


ihit  C,  =  C 


»£?,  =  (? 


A_ 


iMtiy,  show  that  the  ©quiv*- 


Itst  naiiataDce  of  anj  nuniticr  of  braiichcH  maj  be  found  bjr  adding 

logrtlwtr  ibo  redjwocUa  of  oocb  branch 

uhI  uking  th«  mciprocal  of  tbU  aani.  ' ' 

A  rondactor  like  S,.  whieh  div^rta  a 

fOttioH  of  the  main  (iirreDt  fn>m  R,, 

u  oiUod  &  ihost,  and  if  if,  1*  Uie  coil 

tt  a  g^vanotnotor,  the  ({aJvanomutoi 

iKQld  btt  MJd  to  bo  *bunt«d  by  H^, 

ind  by  adjusting  tbo  valao  of  /l^  to 

Jt^  w«  can  cauac  a  Ioiokd  frarlion  of 

tb*  whole  current  to  poas  tbrougli  tbo  instrument. 

^  39.  Intheayet^mofeoBdactoraTepnaeDted  in  Fig.  33,  called  ^Vhntt- 
itoae'a  bpidKii.  no  cutient  passes  over  tbe  bridge  between  e  imd  </ 
•ben  Jf,  r  /?,  =  ^,  :  fl,.  Prove  tbn 
tntb  of  this  prnpiunticin,  and  «h<iw 
Wnr  it  may  be  applied  for  nuiaaumig 
RriiUncee  when  we  have  a  set  of 
■a&dud  reaUtance  coila. 


rx-ia. 


30.  In  the  ^st«in  of  coaducton, 
KpntcBtcd  in  Fig.  23,  prorn  that  no 
twnit  paaMS  in  the  portion  a  B'b 

»ben  -=■  =  _  ,  „ ,  and  connder  how 
•       Ji  +  /(, 

tta^iten  may  bo  iwed  for  comparing;  the  deettomotive  force  of  dif- 

((MM.««lbi. 


CHAPTER  XVI. 
CRVSTALLINl:  Totms. 


103.  BoUtlooa  to  CbemiabT.  —  Almost  flTCTy  substance  itl^fe 
A  (letinito  i^.h  ln^Liral  form. although  it  may  manift^t  this  teoitwcy 
only  uniier  (w.  ■  irablc  conditions.  Such  forms  are  called  c^Tti'' 
and  tlw  iinjcti-i  of  crystallino  growth,  or  development,  is  cl: 
cmulliaitioii.  The  one  essentittl  condition  of  crystallizatioD  ii 
u  oertiiin  fix^edom  of  motion,  aiid  cry^Is,  more  or  loss  perled. 
are  usually  formed  whenever  a  molleu  liquid  *'  >«.•(«.''  w  a  suSi 
is  deposited  from  a  condition  of  solution  or  .  :  1  iti 

each  caw,  the  slower  the  pn>ce33,  the  larger  and  iii.:  i.... 
are  the  crj'ntals.   The  crystalline  condition  b,  in  fact,  tT.'  : 
state  of  solid  matter.    It  is  true  that  Uiere  are  a  few  suhetucE* 
vrhich,  like  glue,  are  only  known  in  the  colloid  state ;  but  tn 
raost  of  the  so-<:a11ed  colloid  sutstanciM  this  state  is  otmonBil 
and  there  is  a  constao^^  tfinldency  Co.  co'^Al'izntion.     Moreoto; 
its  peculiar  cTystftUine  form  is  on«  of  the  most  character  *' 
an<l  np[ian.'ni]y  one  of  the  most  vssontial,  proi»ortiea  of  a 
stance,  and  i»  therefore  of  great  value  in  detenuining  it«  clw: 
aftlniti<;».     The  study  of  the  yeomt-triail  relations  -'f  ' ' 
is,  however,  in  itself  a  sepanite  scieucio,  and  in  th  i 
we  can  only  dwell  on  the  few  elementary  principles  of  tlie  si^ 
Jeet  on  wbicli  our  syatciu  of  diuruicul  cl^'^^ificttyaiki 

^^idBalBlMaH.  —  In  the  fomts  of  «r^-s.t. 
qaetry  is  the  groal  (.'niiEr<>Uing  prindplK    Eaci 
a  certain  lnw  of  Kyinmotrj-,  which  seems  to 
part  of  ila  veiy  n  it  n' ;  luid  when  from  any 
<if  the  syinmcti^'    !  lui't.  the  suhelanc'-'  1 
•  v'u  it'  its  chemi  ill  >:>iiipo»iti(«  rsmaius 
v.i  lJI  i:iit-iit3  aud  liurjjtisca,  u  ilifllnint  substatice,     Tr  "'^^ 
crystal  the  symmetry  points  to  a  few  Sirttiion*.  to  «i 
only  the  position  of  tlie  planes,  but  also  the  physical  pttir**!"* 
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of  the  body,  are  closely  related.  Cettaia  of  these  direcHoTU,  mort 
or  le39  arbittarily  eboseii,  arc  callcil  the  axes  of  tho  crj'sUtls,  and 
a  cri/atalliru /orm  may  Iw  d<.-&iti:d  uw*  »  groui*  of 
simiiar  planes  symmvtricully  dUposod  around 
these  axL-8.  As  is  evidioit  from  ibU  defiiiitioti, 
a  crystalline  form,  like  a  geometrical  form,  ia  a 
pure  abstraction,  aud  tblq  coDccptioa  is  <cu[«- 
fully  to  bo  ki'pl  di^liucl  from  tli(!  iJt-a  of  a 
cij'stal,  which  implies  not  ouly  a  cciuiu  form, 
but  al«i  a  ciiflaiii  $tnicture.  Moreover,  in  by 
fiir  the  larger  number  of  cases  the  aaoie  ciysUW 
is  bounded  by  Bcvuml  fonus.  Thusj  in  Fig.  24, 
vhich  njprcsciit.-!  «  crystal  of  oomnion  quarts,  the  pUuc*  of  tbo 
prism  and  tlif  i>lam*  cf  tlm  pyramid  an  distinct  crysUiUiiie  foniu. 
104  Syatam*  of  CrjataU.  —  A  cattiful  study  of  thti  forms  of 
cr;  t.,1  I:  ;■  sliown  tliat  iUmc.  fiirms  ni;iy  Iju  clossaRed  under  six 
cry.*tiilUiiti  ayswnii,  each  of  which  ia  di$liii>ritishcd  by  a  peculiar 
of  aymmetiy.  These  diyisionB,  it  is  true,  arv  in  a  measure 
^bStrory,  for  tere,  aa]  elseyrhere  in  natui-e,  no  sharp  dividing 
nes  are  found;  but  nevertheless  the  distinctions  o«  which  the 
sttication  nwts  «r«  clearly  iQarlccd.  We  can  ouly  give  in  this 
ok  B  vetj-  imperfect  idcu  of  these  several  plans  of  syninietrj- 
representing  with  figures  a  few  of  the  more  charactemtio 
orms  of  eaclL 
103.  First,  01  isomctilc  Sy»t«Bi.*  —  The  three  most  frequently 
curriog  fonns  of  thi»  system  are  the  regular  octali&trou,  the 


Tig  £j. 


ri<  :n 


r\x  7!- 


bombic  dodecahedron,  and  the  cube  (Figs.  25, 26,  and  27).    These 
all  the  other  forms  of  the  system  may  be  regarded  as  grouped 
*  Colloi  tUo  inonoiiKtrlc, 


z^ 
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around  tliree  equal  and  simtlat  axes  at  tight  angles  to  each  other, 
uid  henco  the  name  tsoffw^ru:  (uiual  di»i«ti»ivu«).  They  prestK 
the  same  symmcLr/  on  all  side^,  tuid  ihe  aitpearaoco  of  the  funn 
is  idfiQtical,  wbiclicvvr  axis  is  jiloced  tii  a  vertical  pontiga  In 
ihtH  sj'stuD)  nt)  vorifttiou  in  tbe  icUtive  |>oiaitionji  or  Icuj^tlis  d 
ih«  axes  is  pussiblti,  for  Lbi>  would  change  the  plajt  of  eytuoKiT; 
00  vliich  the  Rystem  is  based. 

106.  SMon&oi  Tatracanal  Bjatma.*  — The  plan  of  syr;  :. 
in  this  aysteni  is  best  illustrated  by  the  square  oct3ht:diun  (I      - 
Of  this  fonn  the  basal  section  (Fig.  29)  is  :t  sqoar 

tit   » 


the  uaino  of  tltv  systeu  refers.  The  vertical  section,  oo  lb 
other  luuid,  is  r  rhomb  (Fig.  ;jU).  Jlere,  as  in  Lhv  fint  syslets, 
tlte  forms  may  all  be  referred  to  throe  i«ctatigulat  axes,  but  t<iuj 
two  hav«  the  satne  hiiigth;  tb«  tlunl  may  be  eithvr  looifKr  «t 
shoiter  than  the  oLhei^.  Tho  tost  Is  Uw  dominant  axis  of  ibi 
fi>rm,  and  hence  we  always  p]ttG«  it  in  a  vertical  position,  uil 
call  it  the  vertical  axis.  Tho  lenytli  of  th«  vertical  axia  bean* 
cjiustaiit  ratio  to  that  of  the  laieiul  axes  iu  all  crystals  »t  xU 


tiK.M. 


ns  a 


same  EtiV<5taiioe.  but  thi«  ratio  dil 

substuno.-s,  Mid  is  Uietxfiin;  an  iin^orl 

actor.    The  familiar  sctiuuD  prism  is  ouoUier  very  clutnotonitn 

fona  of  this  syst«ju. 

•  caiKlaltadiineUte. 
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Moreover,  the  planea  both  of  the  prism  and  of  the  Qctahedron 
may  have  different  positions  with  reference  to  Ihe  lateral  axes, 
as  ia  sbown  by  tlte  two  basal  Hectioss  (Figs.  31  and  32) ;  and  this 
leads  us  to  distinguiKh  two  sijiiard  prisms  nnd  two  tqtiara  octtt' 
bedrons.  one  uf  which  is  said  Ua  be  the  iiivorso  of  the  other. 

107.  TtaJid.  OT  BuaBonal  ByatMiL — In  the  la-tt  system  Uift 
planer  were  ariaii^d  by  fours  around  one  dominant  axis,  wbilo 
in  this  sj-stem  they  ate  anftnged  by  sixes.  The  moet  character- 
istic forma  of  ibia  system  ara  tli^  bexsgoaal  pymuid  jTig.  33), 

fi«  » 

T\t,  M.  rit  %. 


.exa(j'iiial  pJi-?I";l  [Vlg.  "t;.  The  busal  st.'i:Liu:i  liiiuuj^h 
•Mber  of  iheao  lorms  is  a  regular  b^xagoh  ^j<,'  35),  and.  kvsides 
tii«  dominant  or  verticid  aittii,  we  also  dt.iUngiii7<h  as  hklcral  axes 
tlie  three  diAgooals  of  tliia  bejiagonal  section.  These  latvnil 
axes  stand  at  right  angles  to  tbe  v«rtical  axis,  but  l«tween  them- 
selveH  thpy  subtend  angles  Of  60°.  Here.'  as  before,  the  ratio  of 
thu  Kiuf,th  of  th«  vcrti(^!ul  Axis  to  the  common  length  of  the 
laceral  itxes  lioa  a  eonstant  valae  ou  crystals  of  the  same  etib- 

stanee,  but  differs  very  prcatly  with  different  substances.  th« 
vertical  axis  being  soinettues  loQgi;r  and  sometimes  shorter  than 
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th«  other  three  Tlie  rhombohednm  (Fig.  3^  and  t)ia  ieiia»- 
bedron  (Fig.  37)  &re  ako  forms  of  this  system,  and  occur  •ns 
man  frettoently  than  the  more  typical  forma  first  Rien&owi 
lastly,  a  differenoe  of  fx)sit3oa  in  the  planes  of  the  prism  « 
pymoiid  ydili  ret'en-noe  to  the  kteial  axes  gives  tiae  in  tls 
'  system  to  the  same  distinction  bctvrcea  tbe  direct  and  t^  in- 
vene  forms  as  in  the  \iiil. 

lOS.  Fovrtb.  or  OrttuHhoubio  Sjratvtn.*       Tiit-  uii^Ji  '•hrtrarttr- 
istio  forms  of  Uii't  system  are  Cb«  iboni)  i    i'  ::i)ii.'<!' 
nd  Uie  right  Hu>nil>i>r  pmm,  from  whi 

JBhie.    The  Uirn-  iM(nei[>al  section!"  i  _^ 

sented  by  Kgs.  30,  4U.  au.i  -11,:  ^ 


n«  rt 


Fl,.». 


prism,  lue  all  rhomb?,  who<to  T«1ation-i  to  tli«  form  ara  iiuiti^au^l 
hy  ''■»  li^^^nijig  of  the  iigurc^    Wa  cosily  distil 
axes  at  tlgUl  oa-Ac-i  ti>  cmJi  oUicr,  but  Of  unoqui 
n^rd  to  tLs  ntiiis  oi  ilwso  leiigUis  tlie  nunarl 
sections  are  atriirtty  applicable. 

109.   FIMbW  HoiioclluloByaCMa.-— Tlicfomi-v 
Qodcr  UiU  sy  ^  ■  '     rffcrrwl  to  tfir'^i' uae«inui  .wi 

whii:b  standi'  -  •*  U)  ii\opb»t<^  oi  the  other 

thvy  arc  incliM^I  l<>  <-»':h  other  at  in  *ngle  which, 
slnnt  oil  cry^tiils  of  the  same  subetance,  rariea  very  greatly  wilfc 
diflen>[]t  su1>KtaDce.s,  na  vary  also  bke  relative  dimoMMBs  of  llw 
axes  tJiemselves.  Vig.  42  represents  an  uctahedron  of  diis  tjf 
tern,  and  ¥is&.  43  and  44  represent  Ivro  sections  mailo  (ItfMWil 
the  t.'<i};ei  I'i'  and  DI/  of  ihb  form.    A  secUuu  ihmugb  ibe  aifft 


lual 
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CO  woold  1>e  timilftr  to  Fig.  43,  atkl  tb«se  tlirc«  seetloiu  give  s 
ol««r  itiea  of  tiie  rebcive  potitioos  of  the  axes.  TliC  soctioa 
(Fig.  44)  coDtaJuiug  the  two  obliqua  axes  U  called  tliti  pLme  of 
ajmuneUj'.  aitd  the  faces  on  all  monooUnic  cryetaU  are  di!()>o«Gil 
qnniiifltrically  soklj'  with  leJeteoce  to  tJiia  plane.    In  a  wunl. 


nc«i: 


rig.  11 


n«  M. 


the  symmetrj'  is  bilflternl,  ■    ir.    i    nli  to  ihi-  tvin-  with 

which  w«  «iv     .  f  I!  .;i5ftr  ill  ■        ;      turo  cf  tlie  Iiuiniip  body. 

Tljis  plou  or        ::  .   ,v  is  well  :        I  ...d  by  Fi;.'*.4.'>,  40,aud47, 

which  iTj<rt:Hiii-  Uk  oomnionly  m  -iiTriog  forms  i  if  gypsutn.au^te, 

Kind  fel»|<ar,  lliivQ  Ar  the  most  i-ontmoit  niiuiub.     These  figuras, 

^Bo«ever,  do  imt,  like  Uiose  of  i!ie  presioiis  sif;;tions,  Kpresent 

Huiple  ciysUlline  forma.    Tbi.>  c-iystals  here  lY^preseuted  ara  in 

Vp  -»  hminil«d  by  several  I'lrme,  and  lii'it;'.-d  iu  thlK  sysletn 

■  b-,-..-  .- ..i])ounil  ronusarcaloiii' jMi-ssibleiforou  simple  inunucUuio 

form  can  of  it.M'lf  I'-i  -\<'r':  .-[i:u.i'. 

"J 


«»«. 


rti.  w 
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1 10.  sixth,  or  TrleiiiOo  8r»t«a.  —  This  ■ystem  is  distinguiitbod 
by  an  almost  complete  want  of  symmetry.  Only  opposite  plnucs 
are  Bimilar,  aod  two  such  plnnN  ooi»titut«  a  compluto  crys- 
talline form.  Benco  on  evety  crystal  there  most  bo  at  least 
three  simple  fonne.    We  may  refer  the  planes  of  any  crystal  to 
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three  tmequol  axes  All  obltqufl  to  «acb  otbetfatt 
tlii;  positibQ  vfK  iLsitigo  to  them  ifl  qtiiUi  -KHiitBu^, 
mid  tliey  faavo  thcrcfora  liule  value  ta  aryttaUt- 
^'mpbiis  filvmeiits.  Vi^  48  KpresenCs  a  crjotil 
c>r  8iil)i]iaui  (it  copper,  one  of  the  very  tav  asb- 
UuiVM  wiiiikU  <'r>;iUUu9  in  Uiin  -  vj 
111.   UodlEcationa  OB  CtyatAla. 

iBOiUlf  moti-  \naimaeut  ot  dt/ 1 ;;,  iantiiaa  ihe  Kst\ 

he  crystal  it^  general  fiai)-  ')Tai»e»  of  iho 

oly  appeariii;:  cuils  edgew  .mglos.whii  h 

«  n)0(1i[ie<i  ii;-  rijibceJ.     Tiiii^,  in  Fii^a.  4&,  "■ 
Ati^lMofft  ciilu^  iin»roplaoe(l(or  truui 
hi-ilron ;  ill  i'i;;,  5;i  tJiu  «iijjus  of  Uic  l  ■  ■. . :     ■.■  _ .  ^  _ 
f>f  tbe  dodccsJiCfisonr  ip  F^  &3.tli«  etlge4,of  t)i<- 
jnoditied  in  Uie  same  way ;  and  in  Fig.  54  tli«  soUJ  iuigU»  • 
dodecahedron  me  ivphc^  by  UiclAC«^faii  oc^ 

•fk  o. 


,»r« 


n.-  j;i 


•re  all  Cumu  of  Uil>  JMineliic  ';y^ti::u  '       r- i:i:| 

liimpW fonD8  tococh  othi  r.'nbicli  detoru.  '    ._tv 

sition  of  the  f- 1  n.il  ,:■,  [i!.iiics,n-ill  Uo  reaiUlj  ievn  v 
togelber  tlie  %urcs  ali-iiidy  ^ivcn  •■■■  245.     Tt 

likeaUciystallagntphicdmwiii^'^.tUL  „_    _<j,ncal  prQJ«o^os|arf 
fcpreeeDt  the  pUttes  iu  the  same  nlatiro  posiUou  bowuiU  tia 
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ftryatallme  axeswhich  theyhaveon  them'atal  itself.    Moreover, 

I  since  in  all  figures  of  cr>-stajs  of  tlus  s\-Btem  tbe  axes  aie  drawn 

(in  absolutely  tbe  some  position  on  the  plane  of  the  paper,  tbe 

same  fac«  has  also  tlie  same  position  throughout.  ■ 


As  a  gvnenJ  rule,  a?i  the  similar  jiart^  of  a  eryHal  are  simvi- 
iantoad^  and  similariy  motlijiid.     This  inijwrtant  laW;  which  is 


llj  S9, 


rt  o). 


rv  «i 


a  aimplc  (nferenw  ft\H:i  tho  priuciplc^  alieo'ly  stateO,  is  iUuatiat«(l 
by  tho  figures  jatl -livjii.ttndaUo  bvFigs.  '■'>  lo  70.    Bycareratly 


rv  « 


Btndying  these  figuros.  (W  well  as  Fi*9.  45  to  48  on  pages  249, 
SSO^thg  Btudeut  will  be  abki  to  refer  «aob  of  t^  compound  ciys- 
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Uia  here  repreBentcdto  bn^^flfio  tcvcnil  systema  of  trtamOir 
aire*dy  dwcribed,  and  from  this  nnd  similar  practice  he  viU  Inn, 
beci«r  thiitt  ftom  may  dvscriptions,  bow  clearly  the  niodificationi 
oil  K  crystul  pciiitt  out  iu  cr}'StaIIo;;7ap)iic  relations. 

112L  HemihadTBl  Forma.  —  Twthf  law  govuming  the  tnodifict- 
ttont  of'  crystals  ju»t  stated,  there  U  oiio  itnpoitaut  exoeptiaA: 


FI/-A 


It  not  ODfnxiucntly  Imppws  tlial  Jtaif  tkt  vimitar  parts  ^  m 
«rytfa/  are  mfif^fUd  iadepatdmUy  0/  the  otiur  lut{f.    XlnHL'ii 


nf.f« 


VI  -M 


|I%-  71  oo\y  Olio  Itulf  of  tlic  «olM  «ngle»>  of  the  cultc  are  tniBCttei. 
ilie  modifying  fonii  in  this  ctM  is  the  tetralieditm  (Fig.  73S 


nboBBimple  form  of  tlie  isometric  system.    A\Tien  all  the «oBi 
angles  of  the  cube  are  tnmcatcd,  tlic  modifying  fonn,  ••  Iw 
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been  shown,  is  the  octahedron,  uud  tbn  rolation  whi<^i  tfa«  tetra- 
Itedrou  beai-3  to  Utc  octahiHlton  in  showu  by  Fig.  "Ji.  The  rliom- 
)>obe(ln>D.(Fig.  74)  stauda  in  a  aiiuiJLar  idatiou  to  thi:  li^xngoual 
p>iamid  (Fig.  75).  Frum  tlwso  figures  it  is  evid«ut  lluit,  while 
the  octaliedron  and  llwi  licxiigoujU  pyramid  liavc  all  tJiis  i>ha<--s 
wiiicli  perfect  sj-nimetiy  tequiws,  tba  tetrahedrou  and  the  rliom- 


ft 


bohedron  have  mily  half  the  number,  and  io  «i}'~ta]Iographj  all 

forms  wliicit  bear  a  SLinil  .r  -  litiou  to  the  f<.>rriiM  of  pufecl  sym- 

iBBtr)-  are  said  to  W:  /w  unliudtal,  while  the  forms  of  perfect 

tcyxomtlry  aro  distinguished  as  Ao^ohedraL      lite  Itcmihcdral 

fonus  ore  quite  luimcivus  in  all  the  syi;<iii-i,  but  with  tht-  ex- 

ceptiou  of  iit*  Ivtrftitvdiiiiir  HioinbrAedrou.  and  Malenobc'Iran 

(Fig.  37).  they  seidom  appear  txi.pt  as  modifying  pIbdm  oii  tJw 

edge.i  or  solid  angles  of  the  nn'r.-  perfect  fonns.    As  a  gttiiuml 

rule,  they  are  aasily  leccgniaeil.  but  not  unfreqii«ntly  Utey  ^ive 

to  a  1 1;.  -L.l  iha  a.sjwot  of  a  diflprent  systpm  from  l^nt  to  vhidi 

Bit  roally  b^lon^p,  and  may  lead  to  fatse  inferences ;  but  these  can, 

B^  most  CM«a,  be  com^cbed  by  a  careful  study  of  the  iotetfacial 

Bangles. 

H  113.  u*nuty  of  Cirauoun*  Fonn.— ^  As  has  already  been 
^stated,  cveiy  ■(ul.ia::iiii  !.■  ia  markitl  by  cntniii  peculiarities  at  out- 
ward form,  which  ii:i'  ^LOiong  ELs  niost  cs#eiii.iul  qualilit^s.  luid  nfm 
must  next  loam  in  wliut  thise  peculiarititit  <  <  a; Ant.  As  a  general 
role,  tite  dame  flubMAiue oystalJiiHS  in  the  »auie  fortn,  but  under 
unusual  cimimstaiix")  it  (VeqtieRtty  appeal^  in  otiter  foriH<i  i>f 
the  same  Byabem.  Thiia  fluor-spar  is  nsually  foond  crystallized 
in  culics.  but  in  larfje  collectiona  ciyatels  of  this  mineral  may  be 
aecn  in  almost  all  the  holubuilial  forms  of  the  iaometnc  systeu], 
iooluding  their  uiuucrous  combiuations.    In  like  maoacr  comntoa 
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BalbnsiuUy  ciTBtaUiMs  in  eobex  bat  out  oC  n  sohibtoc  conUiini 
ores  it  frcqucDlly  crystallises  in  oetahodmna.  Jkjotwner.  Uh 
same  principle  hold*  true  in  regard  to  sutwtauoes  ayttaUmagu 
other  eystetns.  most  of  wiiose  forms  never  Rp)>eair  extxpi  in  M» 
binalioa  Tbi»  tlie  miDentl  quaiti  gea«raUy  tiliowa  tko  sinpli 
combination  represented  in  1-lg.  24 ;  but  more  thaii  odk  buadnJ 
otber  forms  —  all,  however,  belonging  to  tbe  aam«  syHtein  —  Iiai> 
been  oinerved  on  ciyatals  of  tJiis  well-kaown  sabstuioe.  So  alii 
the  ciystals  of  gypaam,  augit«^  and  febpor  in  mnst  eaaev  ptoev 
the  fonos  alreailj'  %urcd  on  page  219,  althoa^  otlier  roau 
are  conunon,  which.  hoiroYur.  nil  U-long  to  tlio  mm  crvBtaliiM 
tfitem.  We  DsVer  feid  tlie  same  substance  in  the  forms  of  dif> 
ferent  syatanu  exo^  va  those  cases  of  polfmorpbisin  obnd* 
desciibed  {page  139),  where  tbe  differencoR  ia  other  prupotiai 
are  so  great  ibat  the  bodies  can  no  longer  be  regaidoilin-tli 
same  substaooe.  :      in     < 

Among  substances  crystalliziD^  iti  Ihe : isoatetrio  syiMn  tb 
cryitallioe  form  is  not  so  disdnctive  a:obai!acter  aaili  is  is-otlio 
cosos.  Id  this  system  the  rekttiva  dimemiona  ore  iiirnhaUa 
and  the  octahedron,  the  dodeoahedion,  and  the  cube,  more  oris 
modified  by  differenb  replacementa,  am  tbe  constantly  Tonutuf 
forms.  Even  bete,  however,  apecilie  difEsrenccs  may  at  Limeikl 
found  in  the  fact  that  some  subataitoeB  *flect  hemihednd  farM 
on  modification,  while  others  do  not  In  all  the  olber  SiystMi 
the  dimensions  of  the  cn-stal  (tins  rclnttvo  leogtba  of  its  aM 
Bod  the  \'aluea  of  the  interaxial  an^^)  dixtingui^  rach  lat* 
M:.    Tiit.x.  stance  from  every  otJier.     Itat  here,  mha,  fit 

geooml  statement  must  be  somewliat  OKMlified. 
We  frequently  find  on  the  cryaUhi  of  tlv 
famtt   su)«Uuic«  several  forma  ba.viiig  diSenH 
axial  dimensions.    Tlins,  on  tbe  crystal  vefn- 
Kcnt«d  by  Fig.  76,  bolont^i}:  to  tbe  telgi^ail 
syst4^m,  there  are  three  diJTerent  oer  i Ja JiW 
and  three  eoTT«(qxmdins  vnlnafl  of  ike  vertial 
axis.    But  if,  be<Hnnin^  with  tbe  planes  of  tbe  octabcdnia  d.^ 
ine  tbe  ratio  vrliich  iu  vertical  axis  boars  to  tbees^BH 
length  of  the  two  lotetal  axes,  and  call  ihia  valne -«, :  ws  ritsll 
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find  that  tlie  oonwpondiag  values  fur  the  two  other  ootahedibiii 

arc  2  a  (uid  }  a,  rci^etiTely*    Moreover,  if  we  extend  our  stud; 

KjvuiihalldsofiDdtliuLtliLsuxiimplo  illustrates  a  general  prinoiplv, 

uai  that  tJuerirslatiuu/i/rmi  ti/affiptnmbttotwe  iiieludt,  twtonltf 

I      ti^M  nf  idfJttieat  laiul  tiimctmons,  UU  aUo  tiuttt  icAose  dinuntiM* 

^Asmti9€aeh other tomeMaplefOtw'.  .1:  t:ii:9E>f^||i: 

^Ti    ThU  most  impoiuatlaw  gives  to  tliescienc^  of  1^t^stallo;n^phy 

Vft  inatbetnotical  basis,  ami  enaldes  as  to  ■{ip)}'  the  axliiuisUve 

nwtbodsof  analytical  geomeu^ia  disotiuing  th«:  variom  Tubu 

tioiis  of  die  subjccL     Amoiip;  the  si'taal  forms  of  a  given  sub- 

I     8t«u.'u  wc  lir  on  some  one  m  tlie  fundantcnul  form,  and,  uking 

■the  ^-ulucs  or  its  axial  dimensioos  aa  our  standards,  we  are  able 

"  to  expK^s  the  pusitioa  of  the  planes  of  all  the  posailile  forms  by 

Biehn«  of  very  simple  symbols,  and  aleo  to  eipresa  by  niath&- 

tical  form;ule  the  rcLii[ion»  of  the  inlor&cial  angles  to  th« 

tme  fundamental  elements  of  the  crystal ;  so  that  the  one  may 

lily  be  caloalated  ftara  the  othflr.    ■      ■  . 

Kilt  may  lefim  at  lint  sight  that  thejetystallogrnphio  dUtinetion 
between  differpnt  subHtaiicea,  inustc^d  en  abovi^,  is  j^ivnlly  ob- 
^seured  by  the  impoTtaiit  limicatinns  jnct^made.  But  it  i»  not  so, 
Bbt  least  to  lany  gmt  «xtenL  The  selection  of  the  fundumenlal 
form  of  a  girea  aubatance  is  not  aibitrBry,  although  it  is  based 
l^iMi  cADsidCTatioDS  which  it  lies  beyond  the  scope  of  tliia  book  to 
am.  Moreover,  bd  error  in  this  cb(»ca  is  noc  fnndamental, 
the  true  conception  of  the  form  of  a  substance  includes  not 
sly  tbe  fundamental  form,  but  all  those  which  are  related  to  it 
lis  conception,  though  not  readily  emhodidd  in  ordinitry  lan- 
guage, is  tanly  exprMsed  by  a  geMlil  ^mathemUed  formula, 
^«nd  U  as  clear  to  one  f atniliap.  witii  itbd  atrtgect  OS  the  gciivnd 
H'Mat«ment  UrAt  made.    i'~      '^    <        ^tt' 

■^fint,  bowffrer  obscure  to  those  winf  etre  not  iamiltar  vith 

kDatbematieal  couceptiotiB  niay  be  tlie  (figcinction  between  Utt 

I     tanm  of  diffetrent  sub^aucea  in  the  same  aysCeni,  tlie  difTereoce 

Hftietween  Che  different  systeme  is  clear  and  detlnite,  an<t  it  ia 

with  this  broad  distinctioQ  that  wo  ha\-e  cfaieily  to  de^  in  our 

^f^naioal  clanifieation. 

><1-14   Imgoiuiuo  of  Crystala.  —  It  must  nut  bo  supposed  that 
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utbiral  crystala  bsve  the  same  perfeaioa  of  fono  Bod  i«giilaril]r 
of  outline  which  our  Sgurea  might  seflm  to  iodicote.   In  addition 

rti.78. 


to  being  more  or  less  Imiised  or  broken  from  Acddental  causes, 
cr}*stal8  are  rarely  terminated  on  sll  sides,  —  one  or  more  of  tbe 


T1C.«& 


fliew  being  obliterated  whwe  the  crystal  is  implanted  on  the  i 
or  where  it  ia  merged  in  other  crystals.    But  by  far  the 


ni  n. 


ible  phas«  which  the  irrej^tUarities  of  crj'stals  ppcaenl  w 
that  shown  by  Figs.  77  to  87.    By  comparing  tog«th«r  tbe  tignrae 
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TWIN  CRYSTALS. 
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rhich  liaro  bettn  faera  gruupud  together  on  these  pa^a,  and  which 
^ffproeeot  in  «u:li  cuv  diU'ervcC  phases  of  tlte  saioe  ciystallioe 
fona,  it  will  be  svca  that  the  vaiiatioiu  from  the  noim&l  type 
are  caused  bjr  Uiu  uiuluo  dwUopiueiU.  ot  oertaiti  pkne3  at  the 
'miM'i'ltfi  '4  t^*""  uei^hboi^,  or  bj  rrn  ■hnarmal  growth  of  tin 
«^sta1  ill  exiiiK  line  direction.  '  aH 

"    '  ■  I  itese,  however,  »lU>oogn^^rtt  ili-Iiarluns-  froi 

.:«)  tjiwa,  aro  in  ptrfwi  humony  witti  thii 
$rii>ci{i1e»  i>t'  1 1>  ^(Lallogrftpby.  The  axis  of  ;i  (1731a]  is  not  a 
(leBnitc  line,  lui  ii  definite  direction ;  and  tiu-  face  of  a  ci^stot 
if*  rut,  A  pl^iiie  of  definite  aun,  hut  simpljr  ati  extmsinn  in  two 
defimte  directions.  These  dir':  '^  1  -  -tre  the  only  fundamental 
lemenU  of  a  crj'stattiue  form,  and  Lhey  are  preserved  under  all 
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Pll  as. 
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[conditions,  as  is  provea  by  tlic  constancy  of  the  interfiicial  angles, 
ad  of  the  inodiRcatioss,  on  ctystals  nf  tho  mim  subabuice,  how- 
Icver  irre^ititr  m;ty  Ii.ive  bei*n  the  drv.-lopu>Mit. 

115.  Twin  Cryitala. —  Eveiy  crj-sial  apj>ear!i  to  grow  by  tlie 
low  accretion  of  material  arotind  soma  nuclens,  which  is  usually 
molecule  or  a  group  of  ntolecutei  o{  tlie  same  snbstanoe,  and 
rhich  we  m4y  call  the  cij'staltine  molecule  or  germ.    Kow  wa 
BusE  suppose  that  these  molecules  hnve  the  sune  difTeicnoes  od 
liffereiit  sides  which  we  see  in  the  fully  developed  crystal,  and 
rhich,  for  the  want  irf  a  better  term,  we  may  call  pt^rtty.    As 
gencnil  nili:,  in  the  sf;gre|^Uon  of  the  molocnles  t  perfect 
aUelism  of  all  the  similar  parts  is  preserved.     Cut  tf  niolec- 
lar  polarity  at  all  resembles  magnetic  polarity,  it  m<»y  well  be 
at  two  ctystoUiue  molecules  might  become  attached  to  neh 
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other  in  a  rerersed  positioD,  or  in  some  other  defimta  pocitM 
detenniaed  by  tlie  action  of  Uio  potor  forecft.  Assiune  oow  Ital 
each  of  these  ciystaUine  moiecuJes  "genBioatos,"  and  the  nnft 
would  be  such  twin  crj'stals  as  we  actually  find  iti  natnia  lit 
xesult  is  usually  tho  same  as  if  a  crystal  oC  tlio  nonaal  Ion 


rxcK  cut  ia  two  hy  a  plane  hann^  a  definite  pcailiua  tonnli 
Uie  cr}'&taUiQ«  axes,  and  one  part  lunied  half  ronad  on  t^ 
fttbor;  and  twins  of  Haa.  kind  toe  therefon  called  hcaitnipa 
(Figs.  88  to  91).  At  other  tintiM  the  jjunuinal  mn]«cu]ca  axs 
to  havo  become  ittttichod  with  thvir  domitiant  axes  at  hgbl 
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8ngl««  to  cncli  uChLT,  luid  tlicn  there  result  twins  such  as  « 
iBpWwotod  in  Figs.  92  Mid  93 ;  and  numy  otlier  modes  at  im- 
nini;  arc  possiMc.  Some  suti«>tauces  are  much  more  pratw  tu  dt 
formation  of  twin  crystals  tlian  otlifin,  and  tlie  same  aabilaii 
{jenerally  aifccts  the  tamo  mode  of  twinning,  whioh  may  tkoi 
become  an  import^int  iipccific  dianicter.  The  pinna  which  mf^ 
rate*  tba  two  mombers  of  a  twin  cryscai,  caIIihI  tb«  pkaa  M 
toteaing,  has  always  a  definite  position,  and  is  in  tveqr  W 
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ralld  oith«r  to  an  ftctiml  or  to  «  possible  fiico  oa  boUt  of  the 
»wo  f'^rnis. 

Twin  cryMals  mlwBvs  preserve  the  same  Bj-mmctry  of  gmap- 
ing,  and  the  vahiea  of  the  intert'acial  angles  between  tlie  two 
(forms  are  conataut  on  cryslala  of  the  same  sufaetanc^  so  chat 
they  Otigbt  sometimes  be  mistaken  for  simple  crystals  by  uo- 
olaen-ers.  'I'ljore  is,  however,  a  aimjjle  cnuiitiu  by 
r-v  can  l«  g' Literally  distinguished.  &mp1e  crystsls 
hav(?  re-ontecb'.'  nngles,  and,  whenever  these  occur,  iJjl' 
whi'  'i  nibterid  ili.ii;  most  belong  b>  two  individuals. 

I    priucijilc   "liich  \caAs  to  tlif   lormation  of  twin 

JuttimiiiH'  :lii.-  jnuiipint;  >>f  «i'vcTal  genuiual  mole- 

-ni  to  tli«  (  rihitinii  tl  ;  '  comt'h''^  cumbina- 

it  wtiiild  )«i-L'tii^.>  i.>>^.*  iiuiBber  of  JooleimleH 

It  a  line,  with  llicir  primriiwl  hxus  [wrullel 

ViA  tiieir  dissimilar  ends  together,  and  bene©  result  linwtr  groups 

M  crystals  alternating  in  poaiticiu,  but  so  fnscd  into  each  other 

OS  to  leave  no  evidence  of  the  composite  chamcter  except  the 

ntering  anglea,  and  frequently  these  are  marked  only  by  tl»e 

iations  on  the  snrface  of  the  re-inhing  faccs^    Such  a  stmctnre 

peculiar  to  certain  minerals,  and  the  resulting  strintlon  fre- 

uently  aen'cs  as  an  important  means  of  distinction.    The  ortho- 

LSG  aud  the  k]iiio>:la3c  l'd»i>ar«  tm  distaognislKd  in  tills  vny. 

US.   Oryauiliae  8tnict«r».  — Tilt  cryvtalline  form  fif  a  hotly  is 

inly  (iu»  of  the  manifestations  of  its  oystalline  stmcttire.     1'his 

iplM^nin  vnrioiw  pli\  -'i    1  ■  i  iparties,  which  are  freqm-iitly 

ol  {:TeM  vutuo  in  Bxtng  thf  n;, -nilogiBpliic  relationB  of  a  sub- 

«,  and  such  is  especially  the  ufw  when,  on  ooeount  of  the 

perl'ection  of  the  crystiils,  the  crj-st«T!ine  fi^nn  i^  "tj^rnre.     Of 

:»es8  physical  (gnalities  oike  of  the  most  iiupoitiini  is  dftvage. 

A  a  general  rule,  crystallised  bodies  may  be  split  more  or 

readily  in  certain  detlntte  directions,  called  planes  of  cleav- 

whioh  are  always  parallel  either  to  an  actual  or  to  a  possiblo 

on  the  crystals  of  the  substance,  and  are  tlitia  intimately 

iated  with  its  crystalline  structure.     At  times  the  ckavage 

'to  ■very  easily  obtained,  when  it  is  said  to  be  cmiatnt,  as  in  the 

case  of  mica  or  gypsum,  which  can  leadily  be  split  into  exceed- 
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ingly  Uiin  Icitvcs,  vliile  in  other  coatf  It'Cftd  only  be  effected  I7 
luiug  some  flhitrp  tool,  aiiil  applying  consi^lu ruble  mAchainat 
(mw.  Witli  a  few  vmimpoMant  ezocptioiui  tbo  cleavage  jibuM 
]iavc  the  vaine  position  on  all  gpeehnwa  of  the  some  enlnUim 
Thus  specitnens  of  Iluor-Rpar  may  be  readily  clonved  panQd  I* 
the  bcea  of  an  octahedron  (Fig: il5X  those  of  galena  p«n]tdtatle 
of  a  cube  (¥i^.  27),  tkoso  of  blende  pamlUd  to  the  foxtt  <4t 
'dodecuhiKlmu  (fig.  2&),aud  chcnu  of  cole-spar  parailt^l  ui  the  bes 
of  u  rlioaibohedrou  (Fig.3i>).  In  tlicM  cases,  and  in  many  otlmt 
tti«  cIea^'a{;e  is  a  tuoie  distinclivc  ciinractcr  than  thv  cxtcna] 
fi>nu,aud  can  be  more  Iro^ueully  otwervod,  bb^  ire 
Rgant  tlie  form  pr»)u<-dd  hj  the  onion  of  thu  several 
olcftvagt!  aci  the  fumlamental  fonn  of  tbi'  :ii:c 

Again,  we  alvavs  tiud  that  di^vsge  ..■  .  Lained 
•ftae  or  difficulty  parallel  to  similar  Wes,  aii>l  ivftb  - 
Of  difli[-iit(y  fiarallul  10  dissimilar  bcsa 
oleavitge  faces  thua  ohtaiiied  nuiy  general ,.  ■.■^-  i^i-im^ 
•ach  otJier  by  dilTi  rencee  of  loatre,  atriation,  and  otherj 
ehaiactem;  aini  soch  diaiinctiona  are  fteqiit-iitljr  b  c 
Btadying  the  crystallograpbic  relation?  of  a  subetaii 
dideieooes  on  Uie  natural  faces  of  crystals  are  ulso  c 
able  guides. 

But  of  all  the  modes  oE  inyestigaUng  the  crystalline : 
of  a  body,  oone  can  compaie  in  efficiency  with  the  nae  of  pife^ ' 
ized  light     It  ia  impoesible  to  explain  the  theory  of  this  lKa<r.r 
ful  application  of  the  principles  of  optics  withoat  "xtTmiiiT  tti 
chapter  to  n  length  wholly  iDCompattUo  with  tbm  desi;^  "f  tU 
book.    It  must  sufflco  to  say,  that,  if  ve  examioe  with  m  :     - 
iag  mietDSCope  a  thin  slice  of  any  transparent  crystal  ti- 
the aecoiid  or  third  systeni,  cut  parallel  to  the  dmnlaaji:  x- 
ve  see  a  series  of  colored  rin^  intersected  by  a  lil»rft  cmi^n! 
it  is  evident  that  the  circular  ftmn  of  the  rin^  uis«mk>iie 
perfect  symmetry  which  exists  in  these  sy^tnua  arrmod  tte  (O' 
tkil  axis.     If,  bowever.  we  examine  in  a  simiUr  way  s  dn 
(rum  a  crystal  of  one  of  tbe  last  tJiree  syatema,  cat  in  a  1 
direction,  which  depends  on  the  mulccolar  Btmctnnt  anj 
be  imnd  by  trial,  we  see  a  scries  of  oval  tings  with  twai 
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that  tbe  tptaaiitif  Sa  of  a  dtffinwnt  lyp«. 

MSmbaiioa  of  tlie  colon  around  the  Iwu  cctitne 

sponda  in  each  case  to  the  peculiahties  of  the  molucnlar 

,  oad  «DA)>loa  us  to  decid«  to  which  of  the  three  sjateiiw 

jritat  b«IoDg8. 

The  use  of  poUhzod  light  has  levealBcl  reninrkable  diflerenoet 

f  fitructure  in  diflijrent  crystals  ol"  the  same  siibttanoA,  connected 

irith  the  bemibedml  modificitionts  described  above.    Fij^irea  94 

Dd  9G  icpn-aiiut  crystals  of  two  vuiietios  of  t«r1ario  acid,  which 

ru.  OS. 
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only  differ  from  each  oLhor  in  the  position  of  two  bemihedral 
pluies,  and  arc  so  related  that,  when  placed  before  a  mirror,  tbe 
tmage  of  one  will  be  tlie  exact  rcpruscntuLion  of  the  other.    The 
iatenaediatti   Fij^ure   95   rc'iii-csuiild   the  same  ciystal  without 
Uiosemodilicxtioaii.    f^ince  the  solid  an^li»  are  all  Kimilar,  we 
iboald  expect  to  find  them  all  modified  siiuultanctou^tly ;   but 
*liil6  on  crystals  of  coranion  tartaric  acid  only  tlio  two  front 
angles  (as  the  figure  i^  di-awn)  are  replaced,  a  variety  of  thia  acid 
Ims  been  diBoovcred  having  Bimilar  crystals  whose  bdck  angk<s 
otily  are  modified.     Now  it  is  found  that  a  eolution  of  tlio  com- 
mon acid  rotates  the  plane  of  polarization  of  a  beam  of  l^;ht  to 
(h*  rij-ht^  whilu  a  similar  solution  of  this  rGmarkablv  variety 
■mates  tbe  plane  of  polmEation  to  the  Ivft.    This  differeucc  of 
Crystalline  stnictitrc,  moreover,  is  asitocinted  with  certain  small 
^Uferences  in  the  chemical  qualities  of  the  t^vo  bodies;  but  the 
^^treoce  is  so  slight  tliat  we  cannot  Init  reg&nl  them  as  essen- 
^aily  the  same  substance,  and  the  polarised  light  thus  reveals  to 


263 


QIX6T10X8. 


till* 


US  the  begiuatnga  ora  difforeiice  of  Btructuro,  ThicK  wtien  mon 
derelofied,  iiuuiifo»t«  tt»cir  in  the  phenomena  of  bioDierism.  It 
is  a  remarkablo  fact,  woiilty  of  notice  tn  this  conntctkin,  tbftC 
tbese  two  vurietieji  of  tartario  acid  cliemicatly  combine  with  each 
other,  I'onuing  u  avw  subslotice  eaM&l  r&ceniic  acid 


QUESTIONS. 
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I.  By  wh«t  p«cnliur  taoAt  of  symmetry 'ittayeaieb  ftTffifl'uhc  'ctjrs- 
Ptalliuo  syrtcms  lio  ilTrtiintiiiithwll     Hnw  may  crysUiK  ^  to  the 

'ftnt  rfntMO  be  rwogniwdl  How  mny  cryslnla  of  tU  «^.■l.li,  thlttl, 
atod  kmrth  oyiteini  bo  •liBttDguHht^t  by  eAit6yivg  tlift  (Udtilliatioi)  of  lbs 
•tmiliu'  [rliui<«  nrountl  Diuif  t«ritriniili<>iia  or  douiiiiAKt  nxx*  T  Ity  wtinl 
pociiliar  iliHribulina  of  uliitiliu  pUniitt  m*f  iho  ci%aui]«  uf  iho  6tih  anj 
alxth  flvstams  b»  duitiitffii>«hait  fnts  all  obiMn  I  Statu  the  syiiteai  to 
which  eaob.of  UtB  crrOal*  Wp WWlltotli by ftha  viuious  flgtina  nf  tUi 
flbaptw.  bcloDgt,  and  }^v«  tine  mMon  of (yatr  anawvr  in  avn-y  nu«>, 

!L  Wtt  &uil  in  Uit)  ieiu»nl  kJUKdom.  two  dilTennu  octoltcdml  f^nu* 
,||[  ^liuiii;  Mill  b«U>ti>;in^  to  Hm  tetfuifoual  tfyi<t<.-iia.    In  onu  of  tlicM 
DA  Dki  ntio  uf  lhi<  uoeifuul  axus  L*  1  : 0.ii  1 IJ,  in  lUc  clbcr  it  h 
,  :1.7i;i3.    Cuu  Uiv4g  funaa  bcliui^  to  lita  suao  miaoral  euUiauoel 
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117.  a«o«r«l  FrLooipioa.  —  The  glimpses  that  wc  have  beeo 

'ftUi!  to  ^-uiu  of  tlio  onlcr  m  the  coiisiituliuu  of  lualtei  give  U9 

grwiiiiiJa  lor  i«:Jit:viu;,{  lli;U  tliciu  U  «  unity  of  pliui  pcnmUug  the 

^■rboUi  sclutuo,  anU  eucoura^  a  coaliileut  expectation  tbnt  liere* 

^■[ttir,  when  our  kaowleJ^  Locunte^  mt}^  comiilete,  wa  may  aCI^o 

^K(  at  l«a«t  such  a  i^nrtiiil  cuuceptiuu  ol'  tlim  pluu  as  will  eD&L>l« 

^Db  to  clnasify  all  sulMtaucea  uudut  some  Qutuiul  sy stom ;  and  in 

tmssiiiiiliou  we  may  even  look  forwani  to  tlic  time  wlien  science 

will  be  uhXv  to  (ixpntss  all  the  po«sibilitiuft  of  this  echetoe  with  a 

!      ftw  general  forniuUe.  l«y  which  we  can  pmlict  wirti  absokle  oer^ 

taitity  the  qtialiti«s  and  retations  of  any  i^ivea  coiiihiimtiou  of 

inat«mU  or  ooiulitioiia.     iiui  alchotigl)  to  n  very  slight  extent 

the  i(l«a  has  been  realized  for  a  small  class  of  the  coiDpuniida  of 

tsrbou,  yut  as  a  whole  this  grand  conception  U  only  a  (Irt-ain, 

^0  more  advanced  atudent  will  find  that  in  limited  portions  of 

^•me  few  fields  of  investigation  a  fragmentary  classification  ia 

poa«it>lc,  OS  in  mineralogy ;  hut  when  be  attempts  to  comprehend 

U>e  wliolu  domain,  he  becomes  paiuftiUy  iiware  of  the  imnicnso 

■'eficwncics  of  his  knowletlgt',  he  is  confusetl  by  the  uunivmus 

^'Iiaina  of  reIution»hip,  which  h«  foUowg,  with  no  result,  to  sudden 

t**'t]iak»,  and  soon  beciiTue-'*  convinced  that  nil  *nch  (tfforts  must 

frnitleas  until  more  of  the  minsin};  links  are  supplied. 

The  tiest  that  can  now  ba  done  iu  an  elementary  treatise  on 

tiy  is  to  group  together  the  eh'inentt,  or  mther  the  ele- 

teataiy  atoms,  in  such  families  ns  will  be^t  show  dieir  natural 

*^uitits ;  and  Uien  to  study,  under  the  head  of  each  element. 

«»«  mote  important  and  characteristic  of  its  compounds.     How- 

•verliuiH  value  such  a  cloasitication  may  have  in  its  scientific 

**pect.  it  will  bring  together,  to  a  greater  oi  less  extent,  the 
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«11JmI  fads  (if  the  science,  and  tknsiriU  kelp  the  mind  loret^ 
tliem  ID  Uiu  uiviuoiy. 

:In  clMsifying  thu  dcntcnlary  atoms,  t]ie  time  uiost  inipotUot 
difllftcMn  to  be  olavrvud  arv  tiw  PrevaUinff  QuuHtivaUnte,  iki 
JHeetrKtU  J^^nitws,  AUii  thv  C'ryitaiiiM  lUiatioiis.  The  fiftt  d 
these  c]iaracler»  serves  more  parlicularly  to  chis^sify  the  vlenusli 
in  groups,  the  secood  to  determine  their  ixjsilion  in  thv  gTd«^ 
aud  tJie  last  to  ooiitrol  the  indications  uf  the  oth^-r  two.  Tfat 
ciyatalliue  relations  of  Uio  atoius  can  only  be  deterniiiud  If 
comparing  the  cryatailine  forms  of  allied  cotnpouods,  and  ia- 
voh-B  the  priucipka  of  isomuri^usui  alroudj'  disaosaed.  Uon 
tnastwoithj  int'erencee  as  to  tiiu  cFyEtalliiiu  relations  may  U 
dcavi)  fium  tin?  cryslalliite  form  and  {iro^tie^  of  ulli«d  o»a* 
pounds,  Uiun  (mm  tliuM  of  the  «lemeiitary  Bubituuiocs;  (•«, 
in  addition  to  the  fact  thatao  many  of  these  aubslaneua  efjv 
tallize  in  tJie  isometric  system,  wltose  diiueUBlona  ailmil  at  m 
variation,  it  is  also  true  tliat,  in  our  ignorance  of  ttio  Uiulecub* 
constitution  of  inost  of  them,  we  often  Imve  moFo  cenaJnty.m 
the  case  of  coiupounds,  that  our  ooupariaoua  aie  AMde  ■nder 
identical  molecular  conditions. 

118.  MataUiO  and  NoD-H«UUic  ElaoMnts.  —  In  all  vorka  M 
ohemislty  auux  thu  lima  of  IJivoisiiM-,  the  e]«iuontur>'  buUsImiios 
have  lieen  divid«d  lutu  two  great  clasM»,—  the  melats  and  lim 
non-mttaU;  and  the  diilJiictiofl  ia  uudouhteitly  fundatDenbili 
although  too  much  importance  has  lieen  fi«queiit1y  attaBlial  H 
the  acddent  of  a  brilliant  lustre  The  chatacternitio  i|tulilifl 
of  a  RiAlal,  with  whifjii  every  one  is  more  or  leaa  lamtlinr,  am  ihi 
eo-called  mOaUu  iaOrt,  that  peculiar  adapubility  of  maJMialB 
stmcture  known  aa  maHtabUUi/  or  duHUift/.  and  t)»e  /Knew  rf 
condttetiiff  dtttricity  or  heat.  These  <)ualiti<->8  ore  found  UBilnl 
and  in  their  perfection  only  in  the  true  metals,  although  oaa  i 
even  two  of  them  are  well  devislo)K-d  in  several  eleiueittaiy  nW 
stanoM  wliich,  on  account  of  thvir  chemicnl  qualitiea,  an  DM 
almoat  tnvarialdy  clamed  with  the  aoo-netala,  —  bs.  for  exrajik 
in  aeleiiinm.  tellurian),  anienic.  antimoDy,  boron,  and  ailicna  Bo- 
aidea  the  properties  above  named,  many  penona  alao  iiiiniiin 
w^h  the  idea  of  a  metal  a  high  specific  jjravity  ;  but  thia  paf- 
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erty.  though  commoa  to  most  or  thu  useful  metals,  is  hy  no  means 
universal ;  und  among  tlic  nmtuls  with  wliicb  iht  chemist  ia 
Ikmiliftr  W0  fiod  tlib  Iigbl«8t  as  well  aa  the  heaviest  of  solids. 
The  Doii-ntctallio  vWmviii^,  oh  the  iiftm«  di^notee,  are  iliatinguished 
by  tho  ubaence  of  metallic  i^milities ;  but  the  one  class  oiergek 
into  Ui«  <ith«ft'^       '  di 

The  presence  or  alsence  of  metallic  qnidities  in  the  elemont- 
•ly  aubatances  is  for  &(iuie  unknown  reason  intiuiatvly  associated 
iih  tlio  electrical  relations  of  thoir  ntoinsi,  ~—  tliustf  of  thu  uietals 
ng  electtD-positi%'c,  while  tliusc  of  the  non-inviaU  aiu  eltivtro* 
ivtt,  with  refereuco,  iu  «tu:h  cmo,  to  tlie  atoms  of  the  oppo- 
class.  In<k'«t,  these  (.-lectrical  r«hUiuDs  were  formerly  made 
t^«  cliief  basis  of  oUssiRciition,  and  in  the  older  u-orks  on  chem- 
istry »  list  of  the  «loiiio«Caty  suliMances  is  freiiuBiitly  given, 
erriR^il  in  such  an  oMer  that  eaoh  is  electro-po^iive  to  all 
whifih  preceile  it^  and  eleQtro-ni>gaHv«  to  all  which  Ibltow  it  in 
Miescnes.  Suoh  a  olasaitication,  however,  iloes  not  exhibit  the 
affinities  of  the  elements,  and  has  Uule  practical  valne. 
Qld.  Partodie  Law.  ^—  If  t^e  chemical  elements  are  amuiged 
on  thi!  nuxt  pa^e.  iu  the  orilt-r  of  tJieir  atomic  weights,  it  will 
Micn  that  ihoKL-  hitving  similar  propeittes  and  ralationa  recur  at 
rly  nfgulnr  int«Tvid.s.  TtHii,  for  v-nample.  the  atkahne  metals, 
inm,  pota-ssiiim,  ntbidiuin,  and  ca-sium.  which  fonn  a  well- 
Diarkrd  fiitiiily  among  Uie  I'lurnuntary  stib^ianccs.  and  uotioc  tho 
iiition  which  tlie  memhcnt  of  this  family  have  in  the  tahleiand 
it  will  appf-ar  tliat  they  are  dirtributcd  quite  rt-pilirly  tlirough 
tho  list,  ('omfere  now  the  poaiiion  of  these  elements  with  those 
of  four  otlier  well-marked  bmiliea;— ^fint,  Huorine,  eblorine, 
bromine,  and  iodine;  secondly,  oxysen,  anlphup.  selenium,  and 
tcUimum ;  thirdly,  nitrotten,  pbospbonis.  arsenic,  and  antimony ; 
irthly,  m(4^eeium,  calcium,  strontium,  and  barium  ; —  and  Ibe 
veiT  reroorkahls  alternations  will  be  at  onoe  manifest,  and  what 
■wa  mean  by  a  periodic  law  will  become  evident  If  now  wfl 
arrange  tho  elementa,  aihas  been  done  on  pi^  267,  still  in  Uie 
ottler  of  their  atomic  weij;hta,  but  in  hoi'i/oiital  line^,  beginning 
ft  new  line  as  soon  as  a  period  is  obviously  ended,  and  an  ele- 
ment rectus  allied  to  one  of  those  which  have  preceded,  we 
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.  brinft  th«  numbers  of  o«ch  of  the  well-mariced  funiBei  rf 
aWwa  Imvo  indicated  into  one  of  Uio  vertical  columas  thai 
fonnvd,  and  «t  the  saino  time  associate  in  the  other  Totial 
columns  elements  wliicb  are  more  or  less  closely  allied.  H«fc 
as  in  most  classiflcationa,  more  or  less  horaoring  is  nqoiivl  in 
order  to  exhibit  tlie  relationship  of  the  elements  to  the  best  a^ 
vantage,  and.  with  a  single  excefition,  each,  of  the  >»i^ltt  paMiif 
columns  is  divided  into  two  oc  more  parallel  columiu  for  tkai 
purpose.  The  members  of  these  suboidinatu  series  ara  nwre  or 
h>ft«  ntblinled,  but  not  closely  allied 

T!i«  tletaiU  of  tills  classifkntiun  cannot  be  discoaaed  iiifol&* 
gently  until  the  student  is  familiar  with  the  prop«>tieB  awi 
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flje  elementoy  snbfitanccs ;  that  is,  not  until  lie 

mi'  Jitit^aia  to  some  coDsiJerable  du^ree  tUu  subject  uaU«T  1/ 

chemUtiy.    A  few  geucral  cousiJonitions,  Iiowevor.  maj  he  rf 

value  in  enabliog  him  to  form  nu  estimate  of  the  imporuaa 

of  the  q-8t«m  hero  prvscnlcd    Tlic  system  involves  two  fuwt 

mental  ideas,  each  of  whJcli  has  undoubtedly  a  Inrge  basis  of 

truth.    First,  wc  have  the  idea  of  periodicity,  or  tlie  rocunvsce 

of  elcmentiiTy  atoms  having  similar  relations  at  (k-fiitiu  in- 

ten'als  as  the  atomic  w«i<;ht  increases;  and  this  fcoturu  of  tlie 

elaiuutication  is  presented  by  the  horizontal  lines  of  our  tablt 

kSecoudly,  in  the  vertical  Unea  of  the  table  we  li-ive  exhibil«a 

liSvml  aerict^  of  allied  elements,  in  each  of  which  the  Klutioot 

>  of  the  members  vtay  according  to  eome  reguliu  order.     The  Mm 

of  classification  by  series  involves  the  grouping  together,  iwt 

Bimply  of  similar  subi>tanc«s,  btit  of  substances  which,  wluk 

I  possessing  In  common  certkin  genetal  rclatfons,  differ  in  odicr 

^n^pccts,  so  that,  although  neighboring  members  of  such  a  seriw 

tmay  have  a  close  resemblance,  the  di*tant  memlwrs  may  ha<re 

nothing  in  common  exc«i)t  the  one  nilationship  which  anha 

them  all. 

The  idea  of  classification  by  aeries  was  first  developed  in  die 
I  Btudy  of  organic  chemistry,  where  the  principle  is  much  innr«  cw' 
I  spicnous  than  among  inoi^ganic  compound&    Tliust,  u  baa  tweo 
[shown  (§  41),  we  are  actiuainted  with  a  laigu  uomhcr  of  ackli 
I  TOsembUng  aoetic  acid.  wMch  fonn  a  series  beginning  with  fotaiK 
I  acid  and  ending  with  melissic  acid.    Each  member  of  thi'i  wjm 
differs  in  composition  fhim  the  preceding  member  by  Cff^  at  In- 
some  ninltiplo  of  this  symbol;  and  the  properties  of  tlieoHB- 
pounds  vary  rc^larly  between  the  extreme  limits,  accortliq;  b 
well-established  laws.    Moreover,  many  other  similar,  althon^ 
more  limited,  series  of  compoands  are  known,  and  the  priori^ 
■MiliEed  in  these  organic  series  seenn  to  be  tlie  tnio  idta  of  tB 
f  chemical  claSHification.     But  in  attempting  to  apply  ii  to  Um 
cliemical  elements,  we  find  only  two  or  thrco   gronps  of  atont 
whore  the  series  is  of  sutHcicnt  extent  U>  make  tlie  n^lotinm  rf 
\  tho  members  evident    In  most  cases  it  would  seem  «<  if  m 
I  only  knew  one  or  two  members  of  a  series,  and  this  ap[itROt 
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Itaorance  not  only  throws  doubt  on  the  general  application  of 
Br  priociplo,  but  also  roudt-rs  uncertain  the  details  of  our 
Echemc,  even  osituming  that  ibo  principle  of  the  clsssilicatioti  is 
t^oiiect.  Hence,  ftlso,  greot  dififcrenocs  of  oi)inion  may  be  rea- 
sonably enU;itftin«<l  in  regard  to  the  po:«itJou  which  tbo  different 
atoms  o»(j)it  lo  occupy  iu  <mch  a  scheme. 

Another  v«ry  important  cauae  of  uncertAinty  in  any  sdicme  of 
classifying  th«  element!)  arises  from  the  complex  relationships 
which  many  of  them  manifest  Thus  iron  is  in  some  of  its  rela- 
tions closely  associated  with  manganese  and  aluminum,  while  ia 
hers  it  is  as  cloaely  allied  to  magnesium  and  zinc,  and  iu  still 
lers  it  resembles  —  although  much  less  closely  —  tite  elements 
with  «-hich  it  is  associated  in  the  t^ible  on  page  2C7.  Many 
her  elements  resemble  iron  in  having  a  similar  manifuld  char- 
and  different  auUiors  may  reasonably  assign  to  such  ele- 
mcnts  different  places  iu  tliuir  systems  of  classificjition.  according 
they  ^iew  them  from  one  or  tho  other  aspect.  Hence  arises  a 
of  uncertainty  which  affects  our  whole  system,  and  which 
cannot  be  avoided  in  the  present  state  of  the  science. 
^B  Indeed,  nn  classification  in  parallel  series  can  satisfy  the  com- 
HQtlex  relations  of  the  elements,  for  these  relations  cannot  be  reiv 
]  resented  by  any  system  of  Unos  on  a  piano.  The  attempts  which 
'  have  been  inftde  only  force  upon  our  attention  the  fni^jmcntary 
'  character  of  our  knowledge,  and  tlie  rcmarlcs  already  made  in 
I  TQgsrd  to  the  gencml  scheme  of  chemical  clawiltcation  apply  with 
F  equal  furcc  t<i  the  system  of  classifying  tJie  elements  which  has 
L  l>M^n  di-^critiud.  It  is  quite  evident  that  the  quahties  of  the 
^■ibeinical  elements  are  functions  of  seveml  variables,  of  whicli 
^one  only  is  tho  atomic  weight,  and  until  we  have  a  greater 
iiowle.Jf;o  of  the  subject  wo  cannot  expect  to  disco^'er  the  com- 
X  relationship  which  such  ft  condition  involves.  Still,  im- 
■t^^  is.  the  scheme  presented  in  tlie  table  funti$bes  a 
iog,  although  partial,  view  of  a  complex  subject^  and 
ay  greatly  aid  the  student  in  directing  his  study.  The  power 
such  a  working  tlieory  to  predict  tlie  order  of  undiscovered 
ihennmena  is  a  good  criterion  of  its  vtdidity,  and  this  system  of 
iossilicalion  predicted  the  relations  aud  properties  of  the  new 
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element  f^llium  before  it  n-os  isolated;- '  Nevertltcle8B,-tbe  afMm 
so  froqucDtly  sepcuai«»  elcmcitU  which,  oa  uocouut  of  thm  m- 
tiraftt«  relations,  might  to  be  stiuliL><l  in  ootniwcLii^n.  miil  briagp 
together  others  whtcb  are  Allied  only  in  tlicir  less  pmmuirt 
dutntcterictics,  tliat,  ia  an  elementary  text-buuk.  it  cannot  bt 
strictly  followed  to  advantage.*  In  I'art  IL  of  this  wwfcm 
have  branght  togetbet,  under  ihe  several  aubdivisious.  tb» 
ekmenta  that  resemble  each  other  io  the  cfaanctcristii-x  by  wUik 
it  aeeiDS  to  its  most  impottant  for  the  atodent  to  associate  tfam: 
beginning  \rith  those  gToupa  of  elements  wMoIi  haw  the  kmB 
degree  of  quuntividuDcv,  in  order  to  pre^eiu  the  »iut}>j<-.st  typeef 
combiOBtion  At  the  oiitsot.  As  the  picniiling  quonuvakici 
increasos,  the  most  charactcrialic  and  fumiliur  cotapoimds  of  tie 
eleincnta  become  more  oom|)Liuc,  and  eiich  lui  armngemesl.  UKth 
fcrire,  lias  gn>M  advmtMges  Jiir'R''t«.YUboo)i.  alchongli .  af  ^Kk 
value  a»  a  Bcipntifio  oljwificattnii. 

120.  B«l>tloi>a  of  the  Atomic  WalcliM.  — In  ISLuDr.  Plott 
an  English  writer  on  chuinitftry,  advanced  the  oinniuQ  ihtf 
hydrogen,  the  lightest  subuaucu  kito^vn,  wut  the  ou«  jaimsj 
flODChtion  of  matter  ont  of  whioli  all  substAnces  had  been  ttn^ 
oped,  and  (bat  the  so-called  olunientory  atoms  'rnt  nil  njwuitM 
of  hydro^Q  atoms.  Hence  he  concluded  that  the  utosdcw^gUl 
of  the  substancen  regatdwi  ta  elementary  miwt  all  lie  exact  mI> 
tiplcs  of  tlie  atomic  weight  of  hydro^n,and  thin  hypolbaaiskM 
since  been  known  oa  "  IVoub's  law."  But  elthongh  tb<a  am- 
puntively  rude  determinations  of  the  atomic  weisht«  mo* 
before  his  time  mi};ht  be  reconciled  witli  this  b3'p(ithe«ist  lh» 
subsequent  progress  of   ehemistry  did   not  M«ta  to  coadm 

•  a  A  HtiM&in  chvinlit,  Mxndnlrjvfll  xiTg  the  t<ma  to  tbt  ritJwifiMitM  if  "it 
tlcnniti  pmriit«(l  liy  \he  Utile  «d  la^  !SI,  uid  n  barv  ni)«wltKr  i  ' 
w  printot  by  Rdaow  in  hi*  TmtiM  on  Chmiiitir.  witbimt  auir  man,: 
tioii,  although  ire  i^iu>it!«r  that  in  rnnnT  ttnpoitant  rnqiocU  ft  tkiti  to 
tni*nlati<n»Dftli««l«i)«ntii.  Vfctiinntaltn  It  loeoMlbtm  to  mtt  4Mni 
As  iMti  willloiU  okaoffiigibKHenlinl  oh-inrltr,  •in)  ara  iiDaiUpn  if  it  ti 
ia  th*  prrMUt  ttatt  of  chcmutrr,  ti  luUlitut*  id;  OXhur  rliuaifvzt'iim  ataA 
ai>il1d  not  1-r«|nilty  fiuiIlT.  Wc  thercfon)  girr  llic  v1iPtiH>  m  tt  hm  t*«h  ■■'F 
]«intetl,  vithmil  climig'',  only  appmbijc  lh«  iliidatt  thkt  ha  mtiat  not  arprd  M 
til*  beta  w  t'*>**it"^  '"  f^  ')•  *^^  aewri  irltli  it  la  all  nipMik. 
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grout's  viuwa.     Most  of  the  accurate  experiments  made  for  the 

■parpose  of  fixing  these  constants  gave  inconuneusurable  valuer, 

bnd  this  vaa  especially  true  of  a  most  Botewortbjr  investiga- 

Uon  undertaken  by  Professor  Staa,  of  Brussels,  with  the  view 

of  testing   Prvitt'H   hypotlie»is.     His   expcriniontu,  which  went 

luctcd  vith  extneine  care  and  with  very  Ihi:^  atnotints  of 

lUrial,  gave  incomnieniiurabltf  ^'alues,  luid  the  results  were 

;ht  at  Uie  time  to  show  tlint  the  lij-potlwsis  ia  question 

wholly  illiisorj'.     Still  it  was  remarkable  that  tlie  values 

pbtaioed  by  Stas  difri:<.re<l  from  whole  nunibert  only  by  a  small 

tion  c^  a  unit,  and  in  Uie  accurate  determinations  which  have 

been  made  by  other  diemists  the  same  striking  feature 

Ippears.     In  the  table  on  pa^  267  we  have  copied  intentionally 

ae  atomic  weights  as  given  by  Itoscoe  (compare  uota  above), 

Ic  in  the  table  on  psge  266  we  have  fnvon  tite  approximate 

laes  geoentlly  accepted  (mther  than  the  prcc>f>e  menu  of  the 

aental  work)  ia  Uioaffcases  where  the  diUeteucc  is  less 

ID  the  probable  error  of  tlie  prooeas  employed. 

comparing  Uiese  lablea  it  must  be  borne  in  mind,  in  the 
place,  that,  although  tiiere  are  some  twenty  of  the  atomic 
(eights  which  may   be  regarded  as  accurate  to  a  thousandth 
their  amount,  and  in  e.  few  cas«s  possibly,  to  the  tcn-thou< 
1th.  ycl  iu  most  ca»e«  the  pus&ible  error  inlhcdet«roiinatio(ui 
as  large  aa  one  per  cent,  while  in  several  iust«nc«s  the  niomio 
veight  is  not  known  within  one  tenth  of  the  value  given.     More- 
■ver,  the  errors  u-e  have  chietly  to  guard  against  in  tlie  deter- 
riatioa  of  an  atomic  weight  aro  not  Ilie  "accidental  errors,*' 
can  bo  eliotiuattd  by  frequent  repetitious  of  the  same  pro- 
ess,  but  "  coniiUmt  errors,"  arising  from  unknown  impurities  or 
3in  thu  imiwrfuctions  of  the  process  employed ;  and  th«  clo«vst 
eroeut  between  repeated  observations  gives  no  sure  indicA* 
of  freedom  from  such  errcint  as  these. 
In  tlie  sectmil  phioo.  it  must  be  Tumembcred  that  the  atomic 
weights  of  only  a  very  few  of  the  elements  have  been  <iirecUy 
referred  to  the  hydrugen  unit,  and  that  in  inot<t  cases  they  are 
^ferred  to  this  unit  through  the  atomic  weight  of  ox^'geiL     Now 
■one  of  tlie  later  determinations  of  Stas  makes  tlie  atomic  weight 
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of  oxjgffo  15,96,  inslend  of  16,  tli«  value  •oceptecT  bj  Diudm 
as  Uiu  most  i)roUible  result  alter  Ili«  dtscussioo  of  a  long  Mfriea 
of  caruful  fttid  nccordaat  determiuations ;  *i>d  if  we  accept  lUi 
value  of  iJUs,  aud  alter,  as  ICoacoc  lias  iloue,  all  Hie  uUiur  weijjbU 
given  ill  Uie  table  od  page  266  in  Uie  proportioit  of  lit :  1S.9G,  it 
will  be  ae«ii  that  the  numbers  of  the  two  tables  [pages  266  noA 
267)  coincide  except  in  tbe  few  cases  where  some  poiut  of  tbi 
U  io  (|Uefl(ion,  and  tliat  both  are  based  on  essentially  tbe  satDS 
perimental  evidence.  Ou  the  other  hand,  if  we  assume  0  =  it 
88  tbe  basis  of  the  system,  then  II  =  1.UU25,  according  to  Stas'a 
determination ;  and  it  becomes  equally  evident  that  the  differ- 
ence between  this  aud  ff=  1.0000  would  be  wholly  imperceptible 
except  in  deteruiiuutions  on  tbe  scidu  of  lliOM  of  Stos,  and  eveu 
under  such  circuinslanccs  could  oidy  be  distinguished,  if  at  all,  as 
a  residual  after  tlie  obMrvations  had  been  utost  carefully  reduced 
Yet,  when  the  other  atomic  wcigbtA  am  reducvd  to  lliu  m-w  htm 
by  dividint;  by  the  common  divisor  1.0O25,  the  diflervnt-e  iu  tlH 
case  of  tlio  Int^r  atomic  weight*  becomes  very  coosidembl», 
and  gives  the  appearance  of  a  much  larger  departure  from  Pront'l 
law  tlian  rttally  exists. 

,   While,  tberofpce,  we  do  not  question  the  great  aocuiary  M 
Stas'a  work,  we  do  not  tliink  ii  philosophical  to  change  the  basil 
of  ibe  system  of  atomic  weights  on  tike  evidence  of  a  single  de< 
tcrmlnatioD,  which  presents  great  experimental  difficalUas  and  is 
coafaeMHlly  not  of  the  highest  order  of  accuracy ;  (specially  as  w« 
believe  that  the  weight  of  evidence  is  in  fitvor  of  tlic  cunduaiin 
tluit,  when  tlio  atomic  weight  of  oxygen  ts  sixtcm,  a  very  larv* 
number  of  tlie  weights  can  be  expiewed  by  iutegeni  witliiii  Ui* 
limita  of  probable  error.     In  order  to  illiislnite  this  point  we  piw 
in  the  following  supplementary  table  the  twenty  atomic  weights 
which  may  be  fairly  considered  as  tbe  only  ones  which  have  beei* 
determined  within  one  thousandth  of  their  amount,  inclnding  th* 
detomiitialions  of  Stas,  all  ou  the  basis  that  0  =a  16.00 ;  and  i' 
will  be  noticed  ttut,  with  the  exception  of  the  atomic  wei^t  o 
chlorine,  U»e  values  difl'cr  iu  no  case  from  a  whole  oumber 
more  than  fifteen  hundredtlis  of  au  iut^-gcr,  and  gananUjr 
much  less. 
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'k'fdMlH  ^Tl^HTS 


UOn  aCCDK&TSLV  DBtEBHIltED. 


firogen 1.002 

Xtliium ?.01 

Carlwn 12.00 

KlUogeia 14.04 

Oxyphil J6.00 

Atutniniitu 2V.02 

Sodium  ......  23J06 

Mft^ncsinm     ....  24.00 

J^osphoms     ....  31.0S 

Bolpl.or 810Y 


ChloEUM 35.46 

PoUwiuin 39.14 

Calduta 40.00 

liramuKi J9.fl4 

SilTct li>i.iP3 

AutiinoDf 120.00 

Iwliiio 123.U5 

■Barium 137.14 

Tballium 204.11 

Load 206.91 


If  the  fttomic  weights  are  in  fact  whole  immbers,  such  sliglit 
anccs  fmm  the  true  values  ns  thoso  in  tho  observed  results 
spting  nlwBj-s  the  case  of  chlorind)  are  osaclly  wliut  we 
yaUi  expect,  wicing  that  no  determinations  of  this  kind  can  with 
ity  be  tmei  frotn  Uie  influence  of  constant  e.\perimentftl 
On  tlie  other  hand,  if  the  tnie  weigfits  are  incomniensu- 
ie  »nJ  distribnlod  by  chane*,  the  probability  that  the  observed 
les  wouM  nil  lit  eo  near  bo  whole  nnrabevs  as  tlipy  do  would 
'  exceeilinyly  smidl,  and  hence  the  total  result'  as  far  as  it  goes 
at  present,  may  be  said  to  confirm  rather  than  invaliJato  rrout's 
hrpottiesi^i.  And  justifies  the  u^al  ptBCtice  of  selecting  as  tho 
workiiif?  atomic  weight,  not  the  procise  mean  of  the  expcntucn- 
tel  rt^sulta  of  the  n>oH  accredited  investigators,  but  the  nearest 
whole  namber,  extx-pt  in  cases  like  chlorine,  where  the  difTer*' 
Bice  is  evidently  jn*ater  than  the  probable  error.  It  is  on  this 
basil}  tbnt  th«  table  on  page  266,aiid  also  Table  II.  i;t  the  ond  of 
(he  volnine.  have  beon  dran-n  up,  and  it  is  on  this  basia  that 
;bo  remark*  which  follow  are  made 

If  tlw;  principle  of  classification  by  scries  is  correct,  and  the 
ilementa  actually  belong  to  series  liJco  those  of  the  compounds  of 
ircanic  ohuiniAtiy,  we  should  naturally  expect  that  tlic  atomic 
i-ei-'ht*  would  confonu  to  the  same  serial  law;  and  it  is  a  re- 
rkablc  fuct  that  the  differences  between  the  atomic  weights 

IS 
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of  tho  el4iin(>iit«  of  the  nune  group  arc  in  mo&t  cases  ver^'  neufyj 
multiploa  of  16.    T]iv  valuu  uf  t\n»  oamuiou  difTercuce  vades  he-  { 
twcen  15  nod  17,  and  wo  must  admit  ia  some  casea  thu  eimpleAJ 
fractional  multiples ;  but  the  nteoa  value  is  very  Dearly  16,  mmI  I 
the  frequ«itb  oocurreiioe  of  thi»  difference  ia  very  striking.    Thkl 
Rumcrical  relation  is  not  absolutely  exact,  but  heru,  oa  intl»| 
penods  of  the  |)laneta,  in  tlm  distribution  of  leaves  on  tbu  Ota 
of  a  pknt^  and  in  other  similar  natural  phenomena,  ilivre  it  a 
marked  tendency  towards  a  certain  nunterical  result,  wtiiob  ti 
fully  realized,  however,  only  in  comparatively  few  cases. 

Other  numerical  relations  wluch  haw  been  noticed  betvwi 
the  atomic  weights  arc  probdbly  only  phases  of  the  same  law  (A 
dtatributiun  in  scries.     Tliui  the  atomic  weight  of  sodium  is  ren 
nearly  tlic  mum  between  that  of  litliium  and  potassium ;  iiui 
tb«  atomic  weiglits  of  chlorine,  bromine,  and  iodino.  of  raln'm. 
strontium,  and  barium,  of  oxygen, fiulphur.  and  selenium, an  sia- 
ilarly  related.     Again,  tliere  are  several  jiairs  of  allied  eleuecM 
between  whose  atomic  weighte  there  la  very  nearly  th«  cam 
dlGTerenca     Thus  the  dilfei-ence  between  tlie  atomic  weighu  of 
indium  and  thallium  ii  veiy  nearly  the  same  &»  tliat  betweto 
tlie  atomic  weights  of  autimouy  and  bismuth,  and  tliu  differenctj 
between  the  atomic  weights  uf  cohmibium  and   tantalum  tiie' 
same  as  that  between  tho  atomic  weights  of  tuulybdenum  anil ' 
tungsten.     A  careful  study  of  the  atomic  weights  wiU  oIsd 
reveal  many  other  appraximate  relations  of  the  some  sort ;  \nst 
although  the  study  of  these  relations  is  highly  iuU:restiug.aal, 
may  lead  hereatter  to  valuable  results,  yet  no  great  Jmpor 
can  bo  attached  to  them  in  the  present  state  of  the  scienca* 

•  Scciajwrbj  tlin  «nIhor  nn  "Th«  UniMrital  lUktiaiii  b«tw«ai  tb*  AU— 
Wcifhu.  with  umn  Thon^bt*  on  tiia  ClaMlfioatiOD  of  tlw  Cticmfcal  fli  iiiti.' 
In  lUmoLn  o(  Uu  AmoriMa  AcadMnr,  18S3. 


PART   11. 


INTRODUCTION. 


Hatcto  dartloped  En  V&n  I.  the  fundammtal  principles  of  cliemlcd 
eucKi,  we  abtU  now  give,  in  Port  U.>  a  biief  euttunai;  of  iiu:  mora 
nportoiit  «lMaeiiU  and  conipounds,  exhibiting  thtar  ooliHtitutiun  and 
Bhtjons  hy  moana  of  formula;  and  noctiona,  muI  adding  a  nurobtr  of 
I  quesuoDs  aad  problems,  wliidi  will  serve  to  direct  tho  ftttentioD  of  tho 
lltadBBt  to  tlie  mom  imiiortaut  facts  and  pnndploa,  oi  to  tboeo  which, 
;  onl}'  implitid  in  tho  euiiUxt,  might  ho  othorwtm  overlooked,  and 
|irlucL  iriU  uLto  give  liiai  lim  means  of  teeting  the  thoronghueaa  and 
CDIIC7  of  his  knowlodgi^  The  ansiren  to  tho  problftnw  havn  bean 
at«d  with  tho  fout-placs  loganthms,  which  will  bo  foaud  at  th« 
of  the  volome.  Used  in  ooiinoctiim  witit  tbo  tabto  of  antilogsr 
I  which  accorajwiiw  tlifna,  tho  logarithms  give  reeolta  which  are 
&to  to  the  fourth  sigmlicant  figure,  and  thia  ddgnw  of  itccurocy 
fcxcocdit  in  alnioiit  over;  caas  that  of  tho  cxpcrimciitiil  dntn  gireo  ia 
I  problems.  With  certain  exceptions  rcfpmid  to  below,  tho  answers 
tfo  til*  quostions  are  dthcT  stated  or  impliod  in  the  immediate  context, 
[or  in  the  sections  and  fonnnb)  to  which  ntforence  is  made.  Tho  rcJeir- 
(o  sectioiis  ue  eotdoeed  in  parenthesea,  and  those  to  fonnuln  in 
ketei.  Direct  quesdcos  on  tho  facta  stated  in  the  summatj  are 
lam  f^rta,  (lud  obviously  would  be  superiluous ;  but  tliu  otudont 
liould  mtkd  hinuelf  tborou^hlj  acquainted  with  tho  sabjcct'inattor  of 
eh  soction  boforo  ho  attomptc  to  answer  the  qneetions  or  solro  the 
ptobloms  which  follow,  In  stadjing  tfae  book,  however,  he  sliould 
aim  to  acquire  a  knowledge  of  the  genenl  prittoiplee  and  mutual  rela- 
tions which  are  exliibited,  rather  than  to  commit  to  mcmoiy  the 
isolated  Gicta.  Ho  must  never  for^t  that  ho  is  dealing,  not  with 
abttnetioiu,  but  with  rvnl  things  and  actnol  phenomena,  nn<l  thnt 
eheiuical  fonnuln  aiv  moroljr  axpieasions  of  definite  bets  ascertained 
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T>T  «xperiii»itt.  MoreoTor,  he  Mut  dberimEiiBie  iritli  ih«  giMtet  en 
tHawdHi)  till!  tmU  directly  stated  or  expteawd  hf  tb6  reactioiiB  and  Il« 
infermOM  dmwn  inna  ttiMn,  niid  he  alinutd  hn  rMiuirrd  (o  sUtA  d«dj 
Uw  mccemive  «l<^Ii«  in  tiroiy  proccM  of  imlnctiro  r«a»OTiing.  Aswm 
•tated  in  the  Troffx^c,  thia  portion  of  tbo  book  ia  only  mUmdfd  ■ 
•n  anxUiary  to  lMturi>-room  or  laljoratoi;  instruction,  and  the  r]am 
thfl  leannft  can  bo  cosueoted  with  tbft  nqwrimontal  Uluatzatiiii)*  tW 
belter. 

la  oUng^nj  th«  ohemiMt  elements  tm  the  |(iirpomfl  of  sItkIt  n 
ban  hod  tvfbfoaco  aolaly  td  thnir  mmt  conspicnoos  and  bmiliiir  nli- 
tions^ — thoMrcUtionstiy  vhich  the  stttdent  will  most  roadOy  sasodA 
Ihem.  Under  each  "  I>i>-i«ion  "  of  !>nrt  II.  we  have  hrou!;ht  tugttba; 
M  &r  as  pottible,  those  elementa  wbicb  obvioudy  hrlong  to  tliti  imt 
family,  or  to  the  aama  eheuiical  series,  and  when  nn  dement  pnstqU 
no  such  obvioUH  relationship,  hare  pUnrd  it  in  a  divinon  by  iteelC  Tb 
luger  of  those  diri^^iona  correspond  in  great  measura  to  the  venial 
oolmuna  ID  the  claaificntion  of  Menild(>jefr ;  but,  for  r»auna  ahead; 
given,  we  have  not  followed  that  cliuaiQcatioa  eloa«ly.  In  amiapn; 
tlio  divisions  wc  hare  followed  the  "  pnivftlling  ijaaati^-al^nor,"  b^pfr 
ning  with  th»  f^-rcupH  of  clnnuiita  having  the  ttnallest  quant  ivAlnwe,  b 
order  to  present  tln!  nimplcal  types  of  conihiitatioD  finrt,  and  aflerwat 
coming  to  thoee  which  aro  more  complex.  Uem,  a^ain,  we  ronCoiB 
appnximatety  to  the  horizontal  lines  in  Mendelejefra  taU«,  bnl  oat 
clcwely  i  because,  if,  accorthnj;  to  the  fiimlameatal  Idea  of  his  -Vtmi'^ 
tion,  we  snungc  the  elcmeutii  in  the  exact  order  of  their  atomic  wetgbtv 
a  regular  incToaso  of  atomicity  on  tbo  horinontal  lines  can  be  made  gM 
only  by  bringing  into  prominence  unusual  ospocts  of  many  of  the  ds- 
nmts.  In  connection  with  each  olmient  wo  mention  tbe  nun  iinpv- 
taot  coaponnds  which  it  forms  with  the  elementa  preceding  it  in  our 
elaasiflcstJoo.  At  Uuut  lbi«  in  th'^  ([cneral  rtile ;  but  so  far  as  npait 
the  eoupounda  we  do  not  follow  thii  nnU-r  invuriatily,  dcpartiiig  &ia 
it  wheneres  it  may  bo  necessary  to  illustinto  the  relations  of  the  (^ 
mcnt  we  may  be  studying.  Thns  we  dewribe  with  each  alomcnt  ili 
chief  oxjt;en  and  sulphur  compounds  from  the  fint.  No  atli.-ntf4  h« 
b«cn  made  to  embracs  the  whole  tield,  but  the  aim  has  bcrn  to  ill» 
tmte  fully  the  principles  of  chemical  philosophy,  anil  to  give  a  diB 
idea  of  that  phase  of  the  schemo  of  nature  whidi  Itos  been  itfliJ 
by  the  Btndy  of  chemistry.  As  stated  in  the  Preface,  the  "  QsaMiM 
and  PntUeins"  are  an  essential  feature  in  the  plan  of  tha  wotk.sa' 
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asm  to  mpplament  as  ««n  u  to  Ulustiate  the  text.  The  atadent  vUl 
find  that  the  luiowledge  which  he  gains  infeTsatially  while  Beeking 
the  snaweiB  to  the  questions,  ot  solving  the  problems,  is  peculiady 
valuable,  and  the  acquUiliou  has  something  of  the  zest  of  new  discov- 
ery.  As  he  advances,  he  will  meet  with  questione  which  he  cannot 
fully  answer  without  consulting  more  extended  works,  and  which  are 
intended  to  direct  liis  study  beyond  the  limits  of  this  hook.  He  may 
refer  in  such  cases  to  Watts's  Dictionary  of  Chemistry,  filler's  Ele- 
ments of  Chemistry,  Boscoe  and  Schorlemmer's  Treatise  on  Chemistry, 
Wagner's  Chemical  Teohnolf^,  Percy's  Metolluigy,  and  Dana's  Sys- 
tem of  Mineralogy,  all  of  which  ore  exoeUent  wc^b  of  zeference. 


PAUT   IL 


Dinaios  L 


121.  HTDBOOEN.   /?=  1.— Univftlent    T)ia  lightest  atom,  and 

ratandard  of  qnautivalcnce.   Vory  widolj  diffused  in  nature.   Forms 

BA  ninth  of  wul«r,  and  ia  a  c&natituent  of  almost  all  vegetable  and 

itinul  Milistnuces,  iis  well  as  of  many  luinurals.     Hxi  usstrntiul  eoii- 

ituont  of  all  odds  and  bases,  from  which  it  ia  rondily  dinplucxMl  bv 

sr  atoms. 

123.  Bydroten  Oaa.  IfH.  —  A  gtxs  which  ha«  boon  liquofiod,  and 
Illy  solidiiibd,  by  extreme  cold  under  great  preaaun.     f^tondaid 

;  eompariaon  for  Sp.  Or.     fjoldom  fotuid  in  a  fnra  stal«  in  natoni. 

Bt  {ircjjured  by  the  action  of  ano  or  iron  od  dilal«  sulphuric  acid. 

Zn  +  {HtSO^  +  Aq)  =  {ZnSO,  +  Aq)  +  IB-IB.  [C4] 

fttj  oanbustible.     Haa  the  gieateet  caloritlc  power  of  any  aubstance. 
ineout  vapor  solo  product  of  the  buining. 

2  miB  +  ®=®  =  2  IB,©.  [6.'5] 

123.  Hjrdrio  OxldB  (Water).  ^,0.  — The  tmirersally  diffused 
juiil  of  the  globu,  ajid  the  cbiuf  couitituent  of  orgaaiit.>d  beings, 
idanl  of  oomparisnn  for  Sp.  Or.  at  4°,  point  of  roiixlilium  d^'Hsity. 
Jow  0°  a  cryatallino  wlid  (hvxsgonal  syBtcia,  §  1»7).  ■^;>.  Gr.  = 
t.918.  Under  the  ordinary  pnwstue  of  the  air  it  boils  at  100°,  but 
in  Uie  alinoapbeie  in  the  state  of  rapor  at  all  t^mpenturM. 
Pot  maximum  tension  of  vapor  at  dilFereul  tempersturcs,  eeo  Cbem. 
^liya.  §S  284  and  312.  Watcn-  fa  on  alm<et  univemi  solvent,  and  the 
Qfidinm  of  most  chcmicnl  chongw.  Ita  laolecnlaT  structure  is  rcFiarded 
OH  the  typo  of  a  voiy  laiga  cloaa  of  cbomicnl  compouiidK.  It«  com- 
position may  bo  detennined, — Kirel,  by  electrolysis  ({  9$  osd  [l>5] 
reversed).  Second,  by  paaain;;  a  mixture  of  steam  and  cldoriii*  g&a 
Uirongh  a  rod-hot  tube. 
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[68] 


Third,  bj  exploding  in  an  «udiomeU^t1lb•  it  mixtor*  of  oxTgrnnd 
hjrdrogon  goaee  [65].  F»mth,  by  pftsnng  bydiogoD  gu  orw  hatA 
cupric  oxide. 

CuO  +  m  HI  t=  c«  +  m,®.  i&tl 

Water  wublnM  wltli  iuibjilii<l<M  to  form  ucid*,  u 

SO,+  J/p=JI,-0-SO„ 
or 

It  comltines  vifk  laeUUia  oxides  to  form  fajrdnta^  baa*^  a  allaiM, 
lut 

Jfa^0  +  StO  =  1iya-O'ff  vt   ChO+ fftO^CtrOfS;.    [»] 

It  cotnbinea  with  many  ults  m  wstur  of  cryittkUiiation,  as 

/■rSO, .  7  fffO  Crjrst  Penons  Sulphato.     "* 

1 24.  HydioxyL  /TO.  —  A  rory  impoitunt  comjKwind  nwlicttl.  »hid 
may  be  rt-ganlod  m  a  factor  (j  23)  in  tbe  iaolecul<»  of  tiiiuiy  cliem- 
cal  compounJs,  aud  for  Hiia  reason  it  is  soiiK>tim«a  conveuieKl  li 
wntu  its  nymbul  Ho.  Th"  oxyn^-u  Imwti  may  be  cvusidcu'd  u  ccc- 
pouoda  of  hydroxy!  with  clr«tn>-por>itiro  atoms  or  nulicHU.  utd  tbt 
oxygen  acids  as  compounds  of  tbe  snice  irith  ekatn>-i)ogativ«  ahMWti 
ndioola.  Ttius  iro  Toa.y  vnio  the  symbols  of  the  followiug  conpMD^ 
u  shown  below  :  — 


Sodio  Bydmt« 
Baric  Hydrate 
Ferric  Hydrate 


or 


Xitric  Acid         /roxOt 

Sulplmric  Acid       ff^-^O^-SO, 
Phoephoric  Acid     ff,'  0,'  PO 


XfofSO, 


[T»] 


t25.  Bydrlc  Peroxide  (Ox7K»ii>t*d  Water).  JT/?,  or  B^A.— 
Beat  n^nrdcd  an  lh«  "  iwiicai  subetantr^ "  (H  SS  nod  'J9)  oatrm^aak 
ing  to  hydmxyl.  In  iU  moal  ooooentmbed  fonu  it  is  a  colotic*  lifn' 
of  the  coDust«Dcy  of  synp.  and  having  a  decided  odor  iwrtaWiof 
chlorine.  Soluble  in  water  in  all  proportions.  Pr«[Mir«l  by  Htt*<l 
eatbonie  dioxide  on  baric  peroxide. 

BaO,  +  {ttfiO,  +  Aq)  =  BaCO,  +  (/f,0,  +  A^.      [Hj 
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9  dioxido  U  pniui^H  tliroiigh  wnti-r  in  which  BaO^  in  nupended, 
iiotiitioii  6t  H,Oi  8ubw(jiientty  ovapomtod  invaewK    Dwom- 
poaed  by  6ae  metallic  povders,  and  tilso  spoDtoneotuIjr  at  tompentnnw 
,  higher  than  32%  into  wster  sod  oxygeo  goa. 

{2  //,0,  +  vt?)  =  <2  H^O  +  <(?)  +  «>®.  [72] 

[I  ISbcntcs  iodine  from  its  componndA 

2  Jf  /  +  (flb-ifo  +  Aq)  =  M  +  {2ir-fl>  +  Aq).  (73] 

)[(  gmonlJjr  Kta  lU  na  oxidiniug  agent. 

PbS  +  (4  AlO,  +  Jg)  =  PbSO,  +  (4  i^.O  +  Iq).        [74] 

Ft  sometimes,  boweirer,  acts  as  a  roduciii};  a^^Dt. 

Ag,D  +  (^C\  +  J«)  =  A&  +  (/r,0  4-  J?)  +  (EKD.      [7S] 

QUESTIONS    AND    PROBLEMS." 

i.  What  dUtinrtion  fan  be  drown  bptwrcn  n  ehcraicnl  cicmmt  nnd  an 
Iraimtnry  nubitance,  it  bdnn  tuidi^ntaticl  that  xhe  wnrrl  flemetit  U  iiird  in 
k  rcatricted  anue,  u  nppljiii]^  naif  \o  the  ultinute  atonu  into  which  mat- 

'  nay  be  Tead)v«>d?    UtuBUaW  the  diBtioction  by  th«  comi  of  LydroguD. 

|K4. 19,atulS3.) 

i.  niiat  hi  tlic  Mwntial  cbainctcmtic  of  an  add  and  of  a  base  t  (^  36 
,37.) 

3.  What  i*  tb«  gronnd  for  Uie  belief  thid  each  molecute  of  b)-drogen  gM 
oooiiiaU  of  two  atoms  1    (J  SO.) 

A.  The  litn  mmI  the  ciitfa,  Uie  molecnUr  weight  of  hydrogen  and  '\\»  oio- 
cnlar  Tolamc,  mttain  what  relaUon  to  oacb  other?  State  the  Tca»on  fov 
be  Tule  on  pnge  CS.    (|{  2  and  S6.) 

0^  Hu<r  many  gTammes  of  aac,  and  how  many  of  tniljihuric  add,  wilt  yield 
I  lltn  of  hydrogen  gaa? 

Ana  UlSgmmilMof  Etaci  and  4,39  grammet  of  nil|ihurio  acid. 

It  In  aiffiia«d  In  all  th«  praUmiit  nf  thie  book  Uut  the  tempetatun  b  0*  C, 
the  pnanire  7S  r.  m.,  UDlrm  othenrtw  Mated.    The  folloirlDg  abbmiatieiw 

vlU  he  ii«rd:  c.  m.,  oentioielre;  r.  m.',  cutrie  oentimelre ;  i. n.*.  enbje  dcdmetre; 

kiIo.(  kilogiamnwl,  et&     (Sec  Table  I.} 
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a  U  4S  gramBUM  of  ilnc  on  woi  in  nacdon  [64],  how  nutty  cuUe  osfr 
inetrea  of  ndpburic  acid  must  V  luod  also,  suil  bow  many  grasutw*  oS  bm 
Ba]ph&t«,  &111I  how  mnny  litrm  of  hj'dn^cn  gan,  will  bo  formed  la  iIm  pttm 
<Sp.  Or.  or;f,W,  =  1^3)? 

Atu.  30."  cTnT.*  of  wlpliuric  odd,  II1.3  gnunnwa  of  zinc  >al[btt«,  ai 
15.4  littva  o{  bydngeo, 

7,  Wbat  volume  of  mUa  AmAA  bo  mixed  with  tbo  mlpboric  add  la  tW 
liwl  pruUlem,  aaraniing  tlut  th<!  rutciiun  takus  plnco  at  20°,  sad  lb*  1« 
parts  of  vratw  U  Uiat  mnpenlure  will  diawlire  53  patta  of  nnc  mlpliatt? 
AoB.  S09.8  ETm-'r  or  ciiuugli  tu  diiBulva  all  ibe  xiuc  aab  foovd 

a  Wliat  weight  of  Iron  most  be  naed  to  gmetfiXe  suncient  bjdrapa  b 
taiM  in  the  attnotphero  by  its  booyan^  a  total  woighl  of  131  gam^ 
(Sp.  Or.  of  air  14.&  nearly)  ? 

Ana.  100  lilTM  of  hjdrogen  gM  will  bo  loquirod,  and  ibis  caa  be  mdt 
bon  SOO.B  granuoea  of  iron. 

0.  Annimin^  Ibut  the  principle  of  {  18  ia  ooRtct,  why  doea  it  foUow  f'  -- 
Rocticoi  [Si]  that  ihu  luulcculc  of  oxygen  gu  moat  ooatain  at  loMt 

ftlODuV 

lOi  What  i<  the  rolunie  ol  4.480  gntnunea  of  byiJit^an  at  £73*^.3  [10]} 

Ana.  lOOUtna 

1 1,  What  is  tli«  volume  of  4.460  gnmmw  of  hydrogMi  at  0°  and  turitr  1 
pnianTeofS8cm.[4]7  Ana.  100  Una 

13.  A  block  of  ice  wdgha  3&72  kilo.    What  ta  ita  VDliun*  t^^  ^ 

AiU.  ¥>TV 

13.  An  icebcTR  i»  flnoting  in  aca-watvr  (Sp.  Gr.  aa  IXSS).  What  iwnp*- 
tioD  of  ita  bulk  it  Hubui«TE«l  7  Ana,  aSKt 

14.  One  kilo^^ramme  of  otfam  nt  lOCf  will  melt  how  many  kiln.  •tH.-rl 
Ant.  Tbo  MoiUB  by  condensing  and  enoling  woittd  giT«  oat  037  ncitt ' 

heat,  which  in  adoiuate  to  melt  S3T  ^  >fi  ^  B+  UlogmBi^  tf 
fee.    (H  IS  and  17.) 

19,  Wlint  i«  the  weight  of  one  litre  of  eimfined  atcam  at  the  liiinnaia 
of  144*  ?    Tmsloo  of  «t«am  at  144'  eqniUi>  4  atnoapbcraa. 
Am.  Wdi;bt  of  litre  of  Bteani  at  0*  and  7S  c  m.  woiibl  he  llii  iiii<l>«lr 
9  critba.    Hence  weight  at  144'  and  4X76ciu.u,by  [13^  SUt 
mibM,  or  2.113  gromtnef. 

W,  What  b  the  weight  of  one  litra  of  Kip«tfa«a(«d  M^kB  vad«r  dm^ 
prwRoa,  >ad  at  &46M  t  Aug.  OlMBS 
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17.  Water  u  tniMi  into  n  glaio  globe  eontAininjt  iItj  ^,  at  the  teiu{>ent' 
tuK  or  100°  C.  and  iinHor  the  noraiiil  proonire,  on  long  u  it  ooatinuea  (« 
«vaponte>     Whnt  iri)l  bo  thn  tciuion  of  thu  moisl  air  ? 

I     An*.  Wftlrx  or  itny  nthcr  licjuid  itvnpoiulcii  into  a  confine]  upoca  UDLil  the 
vnpor  nttoini  iU  iiuiximum  ti^aniuti  Tur  the  cxinlhif;  tctnpentun, 
evi^n  wliL-ti  the  space  is  flUcd  wiib  uuottjur  go*  ;  onA  tbo  l«1idon  ol 
I  the  mixluru  of  gaa  and  vapor  In  (.■quul  to  lliu  rani  nr  th«  imKioii 

f  which  such  would  eiert  «epimt«ly.     (Cbcm.  I'iiyn.  313.)    The 

.  inuimum  t«n«ion  o\  siiucoue  vopor  at  lOO"  i«  76  c  m.,  nud  htacu 

^  ,    the  t«u^tiik  of  the  moist  air  ia  the  globe  iiuiet  be  Ui2ciii. 

r  Ifl.  A  Tolamc  of  hydmgm  ^iu  xUnding  in  a  b«U-glaH  over  a  pnennialle 
trough,  and  conn^qiiontly  wtumtcd  wiUi  inointUTe,  tneaauTM  lOO^n?-    The 
tempcnilUK  is  23°  .3,  ajid  pressure  ou  tbit  ^u  76  e.  to.    Wluit  wnultl  b«  thn 
jfolunu-  uiiJtr  Ibe  aaiiiu  cixiJitioiis  if  tUt-  uir  wurc  perfectly  dry  I 

AiU.  The  maximum  teuaioii  of  lUjueotui  vii)xit  at  given  tcmpcmtiin!  ie 
S  c  m.  Hence,  if  vajiur  wuru  ruuuvixl,  ihv  tcusion  of  the  gu 
would  become  T4  t.  m.,  (tfuvUed  the  vuluiutt  reuuiiiiud  cautOBl. 
But  the  exterior  pr««Bure  being  70  c.  u.,  the  volume  luiut  ucfoiu- 
modatG  iuelf  to  iMa  conditiost  and  hence  by  [4]  would  be  i«ducud 
to  97.30  e,  m. 

la  AThot  i>  the  Sp.  Gr.  of  vgueona  vapor  I    What  it  mc«nt  by  the  term 

Efo.  Gr.  M  applied  to  a  vapor,  and  under  wlut  cuodittutiJi  ii«  it  anunwd  to 

I  tnkcD  1    (jj  1  and  IS).  Ao*.  B. 

20.   In  Table  III.  the  weight  ol  om  litre  «f  sqiwoitu  vapor  onder  the 
dnid  coudilioiia  uf  tcmpeialure  and  pnaenre  ia  giveR  as  S  critha.    Why 
I  thi*  value  a  lictiou7  end  why  is  on  impoMbk  value  j[iven  in  tbo  tablet 
3bem.  Phya.  $  33fl.) 

In  the  cxpcTiment  indicated  by  reaction  [6f(]  the  oxygen  gu  ww 

.  in  a  U'll-iihwa  over  water.     It  mea«un.'d  1,101  c.  m.'  nt  the  tcnt- 

iss°.3  and  under  a  preimue  of  7(>  c  m.     What  wiw  tbo  rolumo  of 

talodne  gM  uw<l,  messured  under  the  normal  couditioaAf    Tbn  tcoMon  of 

^nqtieon*  jxpm  at  !ts°.3  ii  S  c  m.  AniL  2  litrr*. 

S2.  TIow  much  copper  will  be  rwfuMif  in  the  finvuttion  of  9  gnunmc* 
wat«r,  and  what  volume  of  hydrogen  goa  will  be  iiacd  in  Uw  iv*ction  t 

Ann.  31.7  KTunmc*  of  copper,  and  11.10  Litre*  of  hydrogiau 


t 


S3.  It  haa  been  found  by  fxact  experiments  that  for  every  9  Rnunnwa 
of  water  foroiwl  by  reattiou  J67]  the  tupric  oxide  lost  in  weight  8  gnunmea. 

iWhat  IB  the  percentage  compn"iii<tn  of  water  t 
Ann.  11.113  of  hydrogen,  and  68.688  of  oxygen. 


S4.  Qlven  per«uiage  compoaiUon  of  water  and  the  Sp.  Or.  of  aquecua 
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QUESTIONS  AKD  I'SOULEUa. 


T&por,  and  M«aining  tLat  ibe  molecule  of  iralar  oontaiiu  only  one  asjfm 
Manit  bow  am  you  deduce  tlie  Rtomic  mrigbt  of  oitygno  I     (j  £4.) 

86.  AKuming  that  all  the  brat  of  c>»nb(uUoii  u  ntiUzud,  bow 
Utm  ofbyilrogfin  mint  be  burnt  to  cc>nvcrt  into  bve  rtwaiu  unc  Idl 
of  boiling  waUr,  tuid  how  duv*  t^  roluiue  of  ftteua  gcnefotetl  ootii}ian|| 
lh4  voliime  of  gu  burnt  I 

Am.  170.8  litre*  of  hydivgcji  gat,  nai  1^40  Utie«  of  M«ain,  vrben  ndoai 
to  ttandAnl  coiiditiune.    ^  15, 16,  and  00.) 

SO.  AMmming  that  all  the  hc«t  of  combiutiiNi  iji  m«in«d  in  tbe  widnw 

T*[ior  forniud  from  th«  burnt  hydrogen,  how  will  tliw  roluiae  of  Uicu- 

pandcd  Tnpor  compare  with  ttint  of  thu  gim  caamoKii  T 

An*.  By  problem  on  page  IC2  it  upi>tan  tlut  tlic  tcnipentan  of  tb 

VRpor  would  be,  under  the  eonilltjoiu  aMuninl,  6,8&3°.    Rotei 

by  [  1 1  ]  the  volume  would  bo  2G.08  (iia»  aa  great  m*  tlwt  of  tb  pa 

ST.  Awumiog  Hint  tlic  vbole  toIuum  of  gs*  nmUtiiig  trata  ihe  A» 
ttolytia  of  wHtvr  is  retiuued  in  iliu  •jiaoe  i>Tevkii»If  occupied  b;  ibc  mau: 
what  woatd  be  it»  t«iiaioii }  Aiia.  1,860  atimiqituni 

SS.  What  in  thu  ndation  of  an  anbjdride  to  aa  acid,  or of  k  rertillw  oali 
to  «  b]rdnt«  t    (J^  38  and  ^.) 

S9.  What  obj«ctiom  may  ba  raited  to  tho  method  of  writing  tha  qnhA 
of  acid*  and  boMai  lined  tu  [TO]  t 

SO.  What  ii  the  diitincUou  between  «  compound  radLcAl  and  ■  ndW 
•nbUaoeat 

31.  Vhydon  reaction  [73]  imsUiD  the  view  (hat  hjrdric  peradda  n» 
taiiu  the  ndioal  hydrotyl  I  Do  not  reactioiu  (TSl  [74J  wid  [75]  pconl  i 
another  view  of  ibi  conitilulion  ? 

3S.  Analjie  naction  [75],  and  show  that  it  la  in  hmuoBr  wiik  ite 
nodeni  tbeorj  of  the  couaiitution  of  the  oi7geM  BoWol*. 

ax  Oui  jou  Mpbin  Knclioua  likc(lSl]  oo  m;  oUmt  tl>*n»yH— ■■ 
weHgBMled  in  the  context  I 
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^  126.    n>nORnn).     Ft=  19.— ^Qiuintivalence  nsnaUy  onn.      A 

k chief  connliiueiil  of  fluorafar,  CaFy,  and  of  cryolit<!,  Na^Al^^^. 
JPuuiul  uLio,  bul  ill  uuikll  (juuntilUtt,  in  apattUs  tfiurnmlinci,  mica,  aud 
R  fuw  otlmr  iniacmLi.  \\m>  in  the  boura  of  aniuinlti,  especially  iu  llie 
UMtb.  Tho  elomcntarjr  anbetniico  I'-F  i*  probLibly  •  ga^  bul  il  liua 
not  with  certainty  been  isolated. 


127.  HydioDuorio  Aold.   HF.  —  The  anhydrous  acid  14  at  \S*  a. 


cuIotIwh  tuubili*  lit|uiil,  vxlremi-'Iy  volulilti,  boiling  at  }9°.5,  donsely 
ftuiiiug  to  llio  itir,  und  iittrai^tinij  (pwdily  vrutci'  from  tho  atmoqiheRk 
It  ia  exceedingly  convcivi:,  and  a  highly  dsngurous  substouce.     The 
i]ut«  acid  ifl  obtaimad  by  distilling  a  inixtura  of  powdered  fluor-spar 
sulphuric  acid  in  a  pladnum  or  lead  retort. 


C<lF*+  (JaiSq,  +,  Aq)  =  CaSO.  +  2  HEF  +  <5V,. 


[70] 


baoe 


128. 


)rolit«  ro&y  he  uaed  inatMd  of  fl^o^8par.    This  acid  is  dLstiiiguiahed 
■bt  ixiwerofdlwolving  ailico,  with  which  it  fonits  volatik'  products. 
it  is  much  used  in  chemical  anolysid  for  dccompo&iug  siliceous 
.  and  in  the  g\rts  for  i>t<;hii)g  glass. 

CaLORINI].    CI  =■  35.5.  —  (juantiralence  usually  one,  but 

[)h»hly  also  of  higlicr  uneven  ordew.     Very  widely  diMtributud  in 

atons  chiefly  in  combination  with  sodium,  forming  cummon  nlU 

129.    Chlorine  Oaa.    Cl-Cl.  —  Yidlowiib-gmen  gas,  which  may  be 

^nefied  by  pressure,  but  baa  never  bi-pn  frown.     Soluble  in  water, 

ith  which  it  foiToa  at  0°  a  CT7*ta]ltnc  hrdrnte,    Higlily  oommve,  and 

>  into  diicct  union  with  most  of  the  elementaiy  aubstanoesL    Di» 

vcgvtoble  colots  and  destroys  noxioua  effluvia,  and  hence  tuueh 

in  tiie  arts  as  a  bleaching  and  disinfecting  agent.    PrefMned  by 

ntly  heating  in  a  glasa  flask  a  mixture  of  hydrochloric  acid  and  maa- 

dioxide. 

MoO,  +  (4  HCl  +  Aq)  =  {MnOt  +  2  .fl;0  +  ^9)  +  mm.  [77] 

Chlorine  gnu  is  n  very  important  chemical  reagent.     It  not  only 

averts  many  simple  chlorides  into  pervbloridcs,  but,  with  the  inter* 

BDtion  of  water  or  of  aoue  ullier  oxygen  compoiind,  it  also  acta  aa  an 
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CducUnog  ngont,  and  to  thtt  effect  He  1il«a«bing  povn  u  pioboUj  b 
gnat  measure  owing. 

SNi.(HO), +  («-(?/ +  ^y)  =  [NiJ(HO),+  (JF(iC^  + J,).  [Tt] 

'WhoD  the  aqueous  solution  is  exposed  to  diivct  sruuli^fat,  t  mctw 
liko[C6]  K8ulta,ai!doxyg«DgB8is»et&ee,  Cliloriu«  hu  also  ■  tvnuil- 
abk-  puwut  of  tvpluL-iu;^  hydrogen  iu  many  of  llii  oompoonds.     (§  Sd) 

iSO.  Bjrdroohlorio  Add.  If  Ct.  —  A.  eoioiUisa  gu  wliicb  may  It 
Ji^eSod  1^  cold  and  piosnm,  bat  W  not  bo«n  frozen.  Exctrdtii^ 
•olubla  jo  mtor,  whiiA  at  4°  abcorba  its  own  wcif^lit,  nr  alwd  (M 
times  its  Tolome,  of  the  gas.  This  solution  is  very  nach  tts«d  is  tb 
laboratory  a«  a  reof^t,  and  an  impure  tolution  cidlcl  muriatk  tat 
is  uauutactnnd  on  a  larg«  scale  fur  tlio  uses  of  tho  arts,  Fran  d> 
Sp,  6r.  of  tbi!  liquid  acid  vrr.  tuia  dt-Usnaiim  very  closely  tlie  (jouiBtf 
of  gas  hold  in  solution,  by  means  of  tables  in  whtcb  the  reenha  id  an 
&t  expaiimental  determinations  have  beeo  tabulated.  The  foUawJn 
extmots  from  a  table  by  Dr.  Vn'.  giro  all  the  data  n^uired  ta  cafct- 
lalinjj  the  jirobkms  in  this  book. 


^.  Or. 

P»r  [.'ml 

3p.  Or. 

tVOmt 

Sf  at. 

IVtOhiI 

Sp.  o>. 

r 

IfC. 

HCl. 

WC. 

iia. 

u-c. 

Ha, 

IV  0. 

«a 

l.MOO 

t(i.T77 

1.1110 

SS.0«4 

1.088» 

1S.S» 

1.03»7 

l-IU 

1.1893 

38,S3n 

MSOS 

2S.S0S 

l.OTM 

1S.I1C 

i.mM 

cm 

1.1808 

8a.2U3 

i,i3oe 

M-MS 

1.MB7 

II.S7I 

l.OSM 

LPTI 

I.UOl 

H.tl.1 

1.1103 

SS.4SS 

J.OSM 

11.1E33 

I.UIM 

ttat 

l.ISSO 

33.313 

I.IODO 

20.SS3 

i.am 

llXlftl 

l.OOAO 

LtU 

Pure  hydrochloric  acid  ts  prepend  in  tbc  Uboratory  by  bMti^ 
ecmmcn  nil  with  nhout  tirice  iU  weight  of  snlphiuic  acid  in  a  ^i* 
Sask,  and  condacting  tli«  ga*  fonncd  into  huge  ^ass  veaaoU  cooUiiaai 
water. 

A'aCl  +  {^-^O.  +  ^9)  =  {H.NivSO,  +  Jy)  +  aR9L     [V^ 

Id  the  arts,  however,  only  one  half  as  mnch  nulphiiric  add  ii  wA, 
hut  Di«R  t)i«  miitcrlaU  must  be  heated  to  a  much  bighur  tenpenttMi 
Bud  lsi£v  iton  tvUtU  are  employed. 


iXaCl  +  ^^0.  =  X<HSOt  +  2  DOOL 


I«) 
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lyUnKliIuiic  &ei(t  sta^  al«o  be  obtained  by  direetly  QniOng  hydrogen 
chlorinu  giUL 

m-m  +  m-<3i  =  2  msi  [82] 

eloclroljzing  tbo  uijueuun  iiolution,  the  List  reaction  a  teversetl  and 
Ibe  at^td  U  decomposol.     It  may  oIho  bo  readily  docouposod  by  totiai- 
raodtuu. 

2IHSI  +  Na-Na  =  2  NaCl  +  1XI-3I.  (83] 

Liqnid  Kplrochlorio  add  dUsolves  most  «f  tb«  metsls  and  the  me- 
ik)  oxidm,  and  ila  umb  in  pnotical  cliemiiAiy  an  Sllusttated  by  Ibe 
oviag  TMctioDS.     Sea  aIsd  [77]. 

Sn  +  (2  ffCi  +  Aq)  =  (SnOi,  +  Ay)  +  31-31  [8i] 

zno  +  (2//ci  +  A<i)  =  (Zi*a,  +  n^o  +  a^.        \^s\ 
[Ai,]o,  +  (6  im  +  A<i)  =  ([^ya,  +  3  fl;o  +  >(?).      {se] 

131.   Componnda  o(  CUoriaa  and  Oxygfta.  —  AD  of  tbetn  lut- 

kble,  and  most  of  them  exploaivei.     In  regard  to  tlieii  mulecuSar  cmu- 

itution  diir<-reat  views  are  entsrbiined,  and  the  following  symbol^ 

lieb  npRBL'ut  ddoriue  as  a  uitiltivaluiit  atom,  must  not  be  regarded 

Mtabliahvil. 

Hypochloious  Acid    Jf-O-Ct  Hypocblotoue  Oxide    Clfi 


Cblorous  Acid 

IfO-ClO        Chlorous  Oxide           C/,0, 

Chloric  Acid 

JfO-ClO,        rhiorio  Dioxide          ClOt 

Ferehbiic  Acid 

H-O-CIO, 

Th«  following  scheme  will  khow  bow  Uie  posublu  acids  and  oxidv« 

t  a  multivalent  radical  may  be  cJaasiiiod. 

AcUli.                  Add! 

JttUlk                         AM». 

PpbcMcid         H-oci    ff^'O^'Ct 

II,iO,lCt     U,^0,^nci 

■Piret  Anbydnde 

ClfO    JfCHSO 

ff,'0^*ao     jf^w,tcto 

Second     " 

0,0, 

ff-<>cro,     fr,>o,'CiO, 

Tltird       " 

ci,o,     u-ociO, 

Fourth    " 

c\A 

u 


£90  DBCOaKK-  tflK 

Wbnn  thn  nniDbFr  of  h,rdroxyl  gronpi  eqaftU  tbo  qQantiTd—w  rf 
the  cletDOoUry  radical,  vit  duUn^itli  tbe  DciO  by  tlte  prefix  ortit,  u 
oftbo^Ulotic  add.  Mid  for  tha  «qcc— liro  ftnhydridim  wo  nMjrwvth 
prefixes  mrta,  Jimeta,  etc  Tbew  anhjrdtides  uu  fonoMl  fnm  Uf 
ortliu-tnolecutufi  by  wiUidrairiiig  sacecenve  mol«cttles  of  vratba;  et,  u 
in  Uie  tfttt  ato;)  in  «ai:li  of  tho  abore  Mties,  by  withUniwiuj;  a  tueknb 
of  water  irom  a  duublo  moleoule  of  Uie  oiaipoiiiul.  By  coBciug 
Iho  aebeuM  of  poBsibl?  compoomU  with  tbo  ItNi  of  acttul  ootnpMiodi 
above,  it  will  be  aeeo  Ibal  only  oov  ortbo-acid  of  clilonne  ia  iuovs. 
Tfae  oUior  ktiuwit  acida  are  all  atthydlides^  and  vo  liave  iio  r«wna  U 
liupe  thut  ilie  corrwpoudiiit;  orlh»«oid  will  ever  be  obtained.  Bat  ii 
ia  oAcii  possible  to  Ibnn  tbe  ull*  of  aa  aaid  when  tba  add  itaalf  canu 
ba  isolated.  It  will  b«  notioud  that  th«  oxide  CIO,,  or  ixmibly  0,0^ 
ia  not  one  of  the  above  Mtioa  of  anbydiidua.  It  ia,  hov«vi!r„a(M  d 
tbe  beat  defined  oxides  of  clilorin«,  and  altbougb  ita  tnolocuiar  itracBDi 
hiui  not  ycL  bean  determined,  it  may  li«lp  tbo  Btudaab  to  undailait 
tbe  •cbune  of  daxifianliou,  if  be  seeks  to  inquire  what  otu  Lbn  {mmU* 
idations  of  Ihis  componnd  to  tlio  aoheoi«.  We  [ircaent  tho  aeboua 
this  connection,  not  on  account  of  tbo  imporbinRo  of  tbe  caSBfOuk 
hen  eliunilml,  hut  btrcatiao  it  b  impoKant  that  llie  atudvtit  thvnU 
beoome  early  amgnntntod  with  a  syMcni  wbich  servca  ta  co-ofdissUi 
Urge  nurnVr  of  facts.  It  is  here  prMcnted  in  ita  aimploat  i^ms^  mi 
more  complex  relations  of  tb*  mido  sobemo  will  bo  explained  mlm 
Boron  and  Silimii. 

132.  PotaaalD  Cbloiat*. — The  most  bnportnnt  aalt  af  aajeftk 
cUorino  oxyRiMi  acids.  Obtained  by  pasong  a  atream  of  ^ibniai  §b 
t^n^l«^gtl  «  warm  solution  of  caustic  potasb. 

(GK-O-ff-^  Aq)+  ZCl-Cl  = 

PiiUstic  ohlorale,  being  much  tbe  i«M  aolable,  is  roadily  fR«l  ftm 
tbo  polasnc  chloride  br  two  or  thre*  «i7StalUntiona.  It  b  item 
posed  by  beat  alone  into  potamo  chlotida  and  oxy:gan  ga& 

2  XCTO,  =  2  ATCT  +  3  ©-©.  (W] 

Iilueb  used  for  making  oxygon  ga%  and  also  ia  Snworks  and  ia  li> 
prepaiation  of  itetnnaling  powdar. 

133.  BROHtnni.  £r  =  BO.  — QuantiTalonoeliko  chloDiia.  Am 
ciatad  witb  citloriiMi  in  minut«  quantitiea  in  Miiiw  watan  awlw>M 


^ 
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silvor  oi«u  Tho  elementary  RutwtanrR  (Rr-fh)  ia  *  wrj  volsUle  dw(>- 
»d  liquid,  ijp.  ffr.  =  S.I87.  JimU  tit  63°.  I-'rewM  at  T'.a.  Pre- 
]nKd  from  the  bittern  of  cortnin  wit  springs,  by  treating  witli  cbloriDS 
nnd  distolring  ont  tho  [ibcrali.>ii  hmmine  with  ether. 

134.  Hydiobionlo  Add.  HIir.  ~~  A  oolorlna  gni  liiiucfying  at 
— 73°  Mid  frcean^  at  — 67°.  It  fiimes  in  the  njr  and  is  exceediiiglj 
luble  in  wnt«r.  \>'hnn  ]»im  tho  nqiinoiu  solution  is  colorleas  and 
nuan«Dt  in  the  atmo^tiliero.  but  Uss  etable  than  hydrochloric  auiil. 
ReMtJODs  Bimilnr  to  those  of  hydrochloric  acici.  An  nqueoiu  acid  oon- 
toinidg  47.75  p«r  cejit  of  11  Br  boUs  at  128°,  and  ilistiU  nnehaoged 
aD<l«r  the  normal  atmospheric  prewuie.  This  acid  is  b(«t  mad*  by 
dissolving  potouie  bromide  in  ita  own  weight  of  hot  water,  and  adiling 
to  the  hot  sohition  Mven  parts  of  conMntrei.e(I  sulphuric  acid  pte- 
vionsiy  mixed  with  one  part  of  vat^r  and  cooled.  On  standin;;,  hydio- 
pota«*ic  sulphate  cry  stall  ilea  out,  niul  the  acid  solution  \*  tlim  diitillud. 
Hydrolnvmic  acid  goa  may  be  prpparod  hy  dropping  liquid  bmnuao 
ry  cautiously  oa  amorphous  phospbonu  under  water. 

P+iI/,0+5Bt  =  n,PQ^  +  6  aCBr.  [89J 

13.5.    Bromine  and  Oxygva.  —  No  oxidofl  of  hrominft  have  b««it 
but  three  acids  corrusimoding  to  those  of  chlorine  hare  been 


Hypobromoua  Acid  HBrO 

Bromic  Acid  HHrO, 

Perbromic  Acid  HBrO^ 

I  last  has  not  been  isolate),  hut  its  salts  are  known. 
13(S.  XODmB.  /=  16.f}  —  Quantiralence  like  chlorine.  Asm- 
cinted  wilh  L-htoriue  in  still  smaller  quantiliM  than  hromioe.  The 
elemenbiry  substance  is  obtainixl  from  tho  a*li<u  of  certain  seaweeds, 
«nd  from  ihi!  lattprtte  of  Atacauia.  Ciyslallino  solid  ;  Sp.  Gr.  =  4.iH>. 
fclu  at  107".  ttait«  at  17.')'',  forming  a  dense  violet  vnpor.  Very 
aligbtly  soluble  in  wnt«ir,  but  is  rwulily  diwolred  by  alcohol,  ether,  ud 
carbonic  sulphide.     Imparts  to  starch  posts  a  docrp  blue  color. 

137.  Hydtlodlo  Acid.  I/I. — A  colorless  gas  which  nmy  be  lique- 
^Kfied  and  froecu.  l>rr|iiuml  by  the  action  of  iodine  on  amorphous  p1w»> 
H^bon*  and  water;  miction  like  [60].  Eaxily  decomposed  by  hsnt 
^Enlo  iodine  and  hydrogeiL  Fnmfts  in  the  air,  and  is  voiy  soluble 
^^Ib  water.  Aqueons  adlntion  can  be  prrporod  by  passing  M^S  into 
traler  Id  whkh  iodine  ia  suspended. 
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i,  +  {if^+iif)  =  s  +  {am+Aq).  (»] 


TIm  aquooua  scid  i«  n^idljr  (tecompoeed  by  the  oxygen  of  11m  as, 
irhiob  unitea  with  its  bydn^en,  when  the  liberated  toditie  dtvolnas 
iu  thu  liquid  inifait^  to  it  a  ducji-nd  color. 

138.    Iodine   end   Oxy%ea.—  Iodic  uctd,  HIO^,  tuny  be  nedtlj 
preporwl  by  koiliiig  iodiiio  wiUi  cinicuutnilcd  nitric  a<atL 


3/,+  ioA.vo,  =  ttir/o,  +  2jy,o+  ioa*o. 


m 


On  ci>nc«nti«Linj[  tlie  resultiiig  aolaiiou  we  obtain  a  wlut«  cryitoDiae 
solid,  wbicli  at  200°  Iomk  water  aud  forew  a  white  powdoi  whicb  m 
the  oDiy  koowQ  oxide  of  iodino,  /,0,,  and  nauiily  KcambiaBa  viiii 
water,  diisolving  in  the  liquid  with  uvolution  of  heat.  At  300°  Hh 
oxide  deoompoMvi  iuto  iodine  sod  oxygon.  Combustible  bodice  dA- 
grate  wlien  bcut<^d  with  iodie  add  or  wttb  iodic  uxidti,  and  wfaea  a 
aoluLioa  the  aciJ  ■«  icduced  by  SO^,  by  H^,  aud  alwi  by  Ul.  V> 
■lioidd  oxpoct  to  Qnd  iodic  sicid  monoba*ic,  yet  it  fonue  not  only  Uii, 
bat  abo  diacid  ealte.  In  order  to  leconcilo  thcw  fitcts  with  ibe  dbi- 
valence  ef  iodine,  il  hae  been  usual  to  regard  the  actd  salu  aa  molentls 
compounds,  a&d  the  ayraboU  of  the  potaaiium  lalts  have  tmoii  wnua 
thua: 

but  their  constitution  can  be  more  Tf  Monably  repTeaent«d  on  the  tbtai; 
tliat  iodine  i»  mattiraloot,  according  lo  the  scheiM  of  S  1 31. 

Sodium  iudate  occun  in  minute  quantitiee  in  Cbtl!  saHpctn,  and  k 
onn  of  tlin  Hourcta  of  iodine 

Periodio  add,  ff/0,  +  2ff,0,  formed  by  the  action  of  iodtiM  ei 
■queona  perchlonc  arid,  U  a  oolccleee  deJiqucecent  solid,  wh»k  li 
eoB^letely  deoomposed  at  140**  into  iodic  oxide,  water,  and  nnm 
The  pfiriodatea  hate,  m  «  rule,  a  vi^ry  «>inpli>-nl»l  structure,  which  ii 
Dot  fully  undiMxtood,  aiul  can  with  difficulty  be  explained  on  the  n^ 
poaition  that  io<Iinr  in  nlwny*  univalent. 

139.  Iodine  and  Chlorine-  —  The  two  coni|wun<!s  ICt  ami  tO, 
have  both  been  obtained  aa  ooiorlets  cryaUlliue  Mdida,  hut  Xitty  as 
exceedingly  unatabht.  A  oomfxiuiul  of  iodine  and  bronio^  «hI  p*- 
bape  alto  eoo  of  breminn  Bn<l  nhlorino,  hnTe  b«m  fbnned,  bol  Uwynt 
ao  unatable  that  their  constitution  has  not  been  determined. 

The  tliiee  elejnonU  chlonno,  bromine,  and  iodine  fi>nn  a  n^ 
dehned  natural  greap,  and  a  careful  oooipanBon  will  show  thai  A* 
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properties  both  of  the  eletoeptaiy-  BBhrtoiicCi  mi  of  tbeir  eompounda 

I         vuufurm  ckxtely  to  tho  law  ot  piognsaiOD  which  ourks  u  chopricil 

B    wric*.     ThiMW  vIcuMiiU  aru  all  ki^My  (dvulru-negtitiTn  liodica,  bat  U 

I        ve  dcsc«n<l  in  thu  miriw  vro  find  that  tbiji  chaiuctcr  bocomoe  leas 

[narked,  and  hcnco  tlicir  cbomical  unci^,  u  manifested    bjr  the 

strength  of  Uieir  n&iity  for  i>lements  of  the  opposite  class,  such  as 

IltyiirogeD  and  tlm  eliictro-positivo  metals,  dimintslies  as  the  atomio 
wi'iglil  incroues ;  aiid  tlus  kw,  as  will  appear,  obtalus  willi  few  ex> 
e^iatis  ID  idl  tlie  i-b«imiad  series.     Iklonjover,  it  will  olxu  bo  found, 
1m  might  indi-Ml  be  uitlicl|iut«d,  that  oleiociit*  no  cluwly  n>Ul«d  as 
theae  sk  rdmost  inrsrinbly  found  waocistod  in  nnliira. 
140.    Ohaiactsrtatlc  RNCtlOBS. — Tho  soluble  cblotidM,  bromides, 
and  iodiil(.-.i  .lil  -^i-^v,  u-iili  a.  soluiion  of  aigentiu  uitraUi,  precipjtat«> 
iototiiUo  in  wut«r  and  dilut«  acids.     The  iodide  of  nlrer  may  bu  dis- 
tingatshod  bma  both  tltu  cldnridu  and  tlifl  bromide  of  Iho  mmc  motal 
bj  its  yellow  color  and  ini^olitbility  in  iu)un  ummonia,  lu  which  the 
last  two  dissolve^  and  the  chloride  much  more  readily  than  the  bro- 
^K  iside.     Bromine  and  iodine  msy  both  be  expelled  ftom  their  salts 
^P^iy  cldoriitt,  whi.-R  tlie  find  may  bo  rL-cognieed  by  llie  red  color  which 
it  imparts  to  othttr  or  clilorofonn,  and  the  lust  by  the  exceedingly 
^^characteristic  blue  color  which  it  givt<s  to  starch  pa«te.    Flnorine  is 
^k«aMly  discovered  because  its  compounds,  when  Iieal4>d  in  a  gluH  tabo 
with  potasxic  bijiilpluito,  yiehl  tiydmlluoric  acid,  whirh  ctohw  the  gloss. 
i^This  element,  nltiiough  closely  ttUied  to  the  Other  three,  differs  so 
^■greatly  in  some  of  its  chemical  relations  that  it  is  doubtful  wbetlker 
^Blt  belongs  to  the  same  chemical  scriea. 


QUESTIONS  AND  PROBLEMS. 


1.  It  apprars  that  lOKntmnMsof  pure  Auoi^par  yield  IT.4.14  grammes 
of  calcic  lulphntc.  [76.]  AManiin);  thnt  thu  atomic  weight  of  caldam  is  40, 
tbnl  of  SOf  tu  Iw  96,  nod  aUa  that  the  ■3'mbol  of  lluor-ipar  is  CaTf,  what  u 
the  atomle  weight  of  fluoriae  t  Aiw.  1 9- 

S.  How  tnu«h  Suor-opsi  and  how  maeh  sntphuHc  acid  niiul  be  used  to 
(generate  ctiflicicnC  bydroBaorie  add  to  nciitmliii:  G3  grammes  of  wdic  car- 
honalE  ?  AoM.  30  grammes  of  tliior-«par,  and  49  of  sulpbunc  acid. 

3.  How  much  liquid  hyilrocbloris  odd,  Sp.  Or.  1.1693,  and  how  mtieh 
itnOf.  wilt  yield  mic  litre  of  cMnriiiv  pwV 

Aas.  3.&9I  gnuutut!*  uf  UnU^,  aud  17.06  ynuiuuu  vf  hydrocliloiic  acid. 
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4.  In  [77]  KjTrfy  maj  ofUn  be  MnKateMly  oMd  In  |>]«ee  of  iM^ 
WriU  Uie  tuaction,  kuuwiug  tliat  (CVjCl^  +  Aj}  la  ooe  of  thu  pradnela. 

4.  I^ftf-niiw  gramma  or  mdollic  tin  wort  diwdved  in  bjnirodilorie  toil 
[St\  BDil  into  ibis  aulution  cliloriiia  jfuit  wus  puaed  until  all  tlw  tin  «■ 
converUd  InM  perclilorl^lc.  Huw  luauy  htmt  »f  fajdngen  g-^  wct«  evolrtd 
iu  the  ^I  {>KWM8,  aad  how  many  of  chlorine  gu  abMrbed  in  tbo  aoeoni  t 

Aiu.  Il.ie  lilrauTcKk. 

5.  Anolyxc  reaction  [79],  aad  show  in  wimt  way  tbo  cMoiine  gu  Mb  « 
on  ozidiiing  agent. 

7.  Wril«  thu  lutcdoa  which  takee  place  when  aa  nqueoiu  MlatJooaf 
cUoiiue  i«  expowd  to  iha  ftua's  dliect  nys.  Uow  tar  dooi  tbia  airbin 
[7»]i 

8.  Fli^gramiiMBOf  liqiudhydiodilnfe  acid  ate  mixed  with  aaBlttligarf 
argeDlii:  QJnate,  tha  last  baiag  ia  exceaa.  The  ptvdpitfttvd  ugentie  ebloriili 
WM  coUeutod,  WAihcd,  driol,  <uiil  wei^jhed.  The  wdgbt  waa  3.306  pmmnm 
Reiiuir»l  the  [«i  cent  of  HCl  In  the  solution.  Ana.  IU1. 


9.  Ona  voluma  of  wmmon  muriatic  acid,  t^.  Or.  1.2,  contAtna  how  nua; 
Tolumaa  of  not  gal 

Aim.  1  iTmf,  w  l.SOO  grammM,  amtUBi  O.isa  Rtnmme  of  HO,  or  31U 
^Tm-'  meaannd  at  IS".    [9.] 

10.  tn  order  to  moke  one  litre  oT  commoB  mnrlatlc  actd  of  Sp.  dr.  LK 
hiyw  much  «alt  and  how  much  ■ulphimc  acid  most  be  uaed,  mmI  how  tawA 
water  rauit  bo  placed  in  the  condmicr  i    [SI.] 

Anfc  fi98.9  gmnmet  of  aalt,  1003  gnmnies  of  (ulpbaric  add,  and  78U 
grammes  of  water. 

11.  On  whnt  doM  the  eamomy  of  the  proce«tt  [Sl\  werfSO]  dapand  1 

IS.  The  jircKSM  [»i]  undoubtedly  ukn  phue  In  two  ataeOL  One  hatfrf 
the  HCl  i*  ijiren  off  at  low  ti-mpcmture.  but  it  h  tieceMMT  to  but  lla 
trtoTt  tA  a  i«d  heat  to  drtre  nS  the  hut  portions.  What  arv  the  two  rtageil 
Wriw  the  reaction  nf  tlii>  itccond  itagc. 

13.  The  Tcootion  [S9]i*  Hiid  to  prove  that  both  hydr^Kca  uid  cblnriDt  !■ 
have  molccntM  comiiting  of  two  atomt.  On  what  postutataa  doea  the  fnJ 
rot  t    {{4  18  and  19.) 


(ill  yield  by  [83]  bow  maor  ham 
Ana.  ^  of  a  liUo. 


14,  One  litre  of  hydrochloric  acid  gna ' 
of  faydngcu  goa  I 

18.  Point  out  the  diltmmeoa  betwoni  tbe  reaetiona  [M,  65,  8«^  and  TT^ 
Mid  tbe  relations  on  wbkb  the  differenoia  depend. 


^ 
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16>  Shan  that  the  oompound*  of  ehlorino  and  oifK^n  may  bo  reganlod 

«  compounda  of  cbk)rui«  aud  bydruxyl,  ivw  u  (;eniiiu  uuuibcr  u(  uiuU- 

culct  of  water.    What  qUAolivaleiKv  wouU  il  tbnu  U)  aentxtuy  U>  •wign  to 

eUoniMl 

¥n  Tit 

Am.  For  aiw  tme,  (ffO),«i  C'i  —  SWgO  =  {nO)-ijafifi,0. 

17.  Il  baa  been  foand  by  very  cAKfUl  experinieiiU  Uiat  lOO  pujla  of 
;  chloniM  yidd  by  [88]  60.83  parta  of  poiuMic  cliLuridc  ;  imd,  further, 

100  porttof  |Kitiu*iechbri(logivcl>r  predpuation  13£.l  puita  vf  nr^ua- 
tie  ebloriilc.  Aniitning  tliat  tbc  symbula  of  thaae  cooipoainU  are  tli»i<e 
girvD  nliovR,  whnc  miint  be  ihe  Momk  wtiglin  «f  cUoriiir,  puiii«4iuiu.  aiiJ 
aih-crt  It  in  aUo  nNnuuciI,  ai  found  by  [iranoiia  vxperini«DtH,  ibat  the 
aloinia  imi|{lit  a{  oxygen  is  16,  and  ttiat  l<)0  parU  of  tiilvcf  catnbtne  with 
a2.!47  of  chlorine.  Aua.  Vt  =  3!t,tf,  K  =  S'QA,  Ag  =  \*^ 

18.  Vm  chlorine  gta  erolTed  froia  1.T40  gnoniue*  of  ifnO^  \»  paswd  iuUi 
i  aolutUm  of  potaatic  iodide.    How  much  iodine  will  be  Uiua  aui  frw  I 

Ana,  ft.Oyi  gnuumea. 

19;  When  chlorine  u  poaKd  ioto  a  cold  dilute  Kolulion  of  KOO,  tlte 
;  KOQ  n  formed  ;  but  if  the  solution  L>  hot  or  conuc&tnitcd,  KClt)^  ia 
i,  and  the  other  producta  ia  each  uuc  are  KCl  uiul  ifgC.    Write  the 
tiona. 

50.  When  potoflnic  ch!orut«  is  ctiutioualy  bvatnl  to  a  few  ilegr>«»  abuv« 
I  mclciii};  puiut,  uiul  uiaiiilaiunl  iit  ihut  tvuipcnttun^,  it  it  fi>uud  that,  after 

ae  ihini  uf  its  oxy^vii  hint  Iwcn  drivvu  olf,  tin-  tuull«J  Niill  Wcoiuid  aijaiu 

rly  tulid.  and  niu»>t  Im  healal  to  a  bi^jher  t«mporaliire  to  t'lpal  tlie  r»> 

tinder  of  tbc  ttxjgiM.    When  tlie  >;hnng»  i>  nntetcid  at  tho  end  of  the  fint 

r,  thn  white  residue  ia  a  miitur«  of  potoinc  pcrcblorate  and  potaaaio 

Write  the  reaction. 

51.  Mlicn  bromine  water  in  «hakon  up  with  BgO,  a  aoluUoa  of  hypo- 
I  acid  i«  formud.     Write  the  reaction. 

23.  When  bmniine  is  dinxolvnd  in  a  aolutioo  of  potSMb  OC  MxUc  bydt«l«, 
.  bromatv  of  iboie  alkaline  bnscs  is  formed.    Write  th4  IMctfoit. 

S3.  Bromate  of  «ilTer  ia  pi«dpliated  on  the  addition  of  argentic  nitrate  to 
aolution  of  on  alkAlino  bromale.  and  a  aolotion  of  bruniti;  acid  may  be 
by  treating  tho  silver  aall  tuspended  In  wateririth  bromine.    Write 
:  reaction*. 

24.  A  x^hilion  of  hromic  acid  is  reduced  by  SO^  by  B^S.  and  by  HBr. 
I  addition  to  (to«  bromine  the  producta  are  eithti  tulphuili:  acid,  kiil|ihitr, 
'  water.    Write  the  Tenctionx. 


2M  QUESTIONS  AND  PB0BLEU3.  [f  ttt 

25.  Iodic,  acid  may  be  formed  bj  the  action  of  chlorine  gas  od  iediM 
Buspecded  iu  water.  The  clilorinc  decomposes  the  water  hy  aaitin^  TOk 
its  hydrogen.     Write  the  reaction. 

36.  Assuming  that  iodine  ia  multivalent,  con  you  write  tbesymUirf 
the  odd  [lutoasic  iodatea  in  a  niui-e  }in>buble  fonn  I  Mukc  a  scheme  of  Ik 
possiUe  acids  nod  oxidea  of  iudiue. 

£7.  In  testing  for  iodine  with  chlorine  water  utd  Btarcb.  wby  u  ll  m- 
portant  to  avoid  an  excess  of  chlorine  ?    (^  130.) 

2B.  It  appears  &om  recent  experLuiecte  that,  while  belov  TOD°  the  (A|. 
Gr.)  of  iodise  vapor  i^  8.T3,  abuvt!  l,4U()°  it  in  only  ubou;.  one  hidf  uT  liui 
auiount,  the  density  decreasing  as  the  t«mperuture  riwti,  and  itia-  hioi  t 
tniniiniuu  at  the  temperature  staled.  What  conclusiuii  do  you  draw  Inb 
these  facts  In  i«;jurd  to  the  mokcule  of  iodine  iu  these  two  coudiLi'inf  ?  bi 
they  hnvi!  any  bearing  on  the  question  discussed  in  {  C4?  If  ai  hi^  tio' 
pcraturea  atiinia  con  be  isoktvd  and  act  as  niolueuleB,  ui^  tliey  ttot  ad  it  ( 
similar  way  at  low  tempeniturea?  We  know  that  magnedc  polarity  it  J* 
Btroyed  liy  heat.  May  not  that  mode  of  chemical  polarity  whjfii  we  na- 
vcntioiially  lepreitent  by  atomic  bctnds  bu  similarly  affected  (iWIt  Pt 
not  such  conaidemtions  bear  od  the  qiiciation  of  varisblc  quAulirilicM) 
Renew  in  this  eomiectioa  the  molecular  sttuctiura  of  lb«  uuda  ol  A 
trageu. 
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141.  SODIUM.  VV'asilB.  — tTDirsIooL  Comliinod  with  cMorioft 
it  forms  common  wOt,  n  stibsUoco  which  is  vorj  widely  dislributed 
ttiniut^liout  naturet  It  also  «Dt«rt  into  the  compositian  of  a  few  other 
■niixMnla  aa  an  euential  oDDstituiciit,  and  Mvct&l  of  its  eolls  find  ira- 
porttuil  Appli<;atiuiu>  Loth  in  the  arU  and  in  common  lift). 

Ifi.  MetoUio  Bodlum.  A'arSa.  —  Soft,  white  metal,  witli  bril' 
Jiant  liittn-,  but  rapidly  larniHliing  in  tlie  Mr.  Sp.  Gr.  =  0.97.  Fum* 
at  90',  tuiil  hoiln  at  a  ml  heat.  Sp.  Or.  =  22.8.  When  heated  in 
the  «ir,  it  bums  with  intensely  yellow  fiame,  the  chief  product  beJog 
iTa^O,.  Decomposes  water  at  the  lowest  t«iupemtures.  Prepared  by 
□g  ft  mixture  of  eodic  caiboiutte  and  charcoal  in  an  Iron  retort. 


Na,COa  +  2  C  =  SSTd-SSTu  +  3  (B<S>. 


[92] 


rolatili 


Jani  in  the  extraction  of  fdnmisum,  and  !n  the  cbcmist'a  laboratory  na 
,  powerful  reducing  ngent. 

143.  Bodio   CUorido  (Cominon  Salt).     NaCl.  —  WhiU  cry»t(il- 
ne  »U  (ixoiiiulric,  Fij{.  2").     Sp.  Gr.  =  'i.UTS.     M^lts  nt  red  heat. 

liict  lit  whitn  hont.     Knlublo  in  about  throe  times  its  weight  of 
Obtained  from  Ealt  beds  and  by  the  evaporation  of  saline 
tien.    All  eaaetitial  article  of  food.    The  wmico  of  almoat  oil  thft 
lium  Milt«.     Uimd  f(>r  pnwnrvJng  meat. 

144.  ftodlc  Carbonate.     Na^CO^.  —  TIio  cryntulliiml  Milt  contains 
addition    M)  H^O  (Sat  Soda),    but  rl!lort*(^i»  in  dry  air.     Wliito 

■alt,  having  an  alk&line  reaction.  Formerly  pr^annJ  by  tlie 
iviaticn  of  the  oshea  of  certain  marina  plants  called  barilla.  In  the 
Tnited  States  it  ia  obtaiiuud  to  a  lioiikd  extent  fh>incTyt>lita($  136); 
lit  the  great  luuw  uf  the  toda  of  coumcree  is  chiefly  made  fi«m  com- 
Don  aalt  by  I^sblanc's  procoat.  This  consiAttf,  —  Fir«t,  In  treating 
[immuii  Halt  with  Kulphurio  acid,  which  in  two  atoj^  converU  sodio 
lu  iaU>  sodic  sulphate  (Frob.  10,  p«g«  290)i 


2  ifaci  +  n^so,  =  jvo^o,  +  2  mm. 


[9S] 


condly,  in  melting  on  the  hearth  of  a  reTerlieratory  fumnce  the  wodio 
ilphale  with  chalk  am)  Rne  coal,  a  process  in  which  the  twg  follow- 
ng  rvtictiuus  take  ploui  ximultonvoudy :  — 
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Thinlly,  liy  tixivislutt;  Uia  iiaii-vo!attl«  product  cif  UiD  laat  Mrtwi 
(callod  bl&ck-WI)  n-illi  water,  wliir.h  distolvc*  mily  tbo  aodie  euhm 
aM.  Caed  in  washing,  in  tbs  miutu&ctaiv  of  gloas  and  aoApt  «iid  k 
die  preinratianof  otlt«rwKUiiiasiiJta.  Alao  &□  important  rangviiliatU 
lubontoiy.  PTcdpiUtcs  iDMt  of  the  metals  bom  solutioti  of  IbaJT  aAk 
ganemlly  u  carbonatm. 

( CaCl^  +  A-<i,CO,  +  J  j)  =  CaCO,  +  (2  yaCt  +  Ay),      pi) 

Whttn  fuml  in  largo  ascras  with  iiLioiuliie  tilicatca  or  sulphate^  a 
decompoaea  them.  Sodic  silicate  or  tnlpbaU  U  fonno>l,  wUeli  u 
aolable  in  wat«T,  ttad  i&utftUtc  CjU'konat«a,  aoinble  in  adda. 

BaSO,  +  xNa^CO^  =  BaCO^  +  y«^0,+  (» -  1)  No^CO^.  [«] 

145.  Acid  Sodic  CarbOQBte  (Blcaibonat*  of  SodB).  B,!f<rCQ, 
—  Tlie  cry«t!itlitfd  neulr-ii  carlxjUite,  wUeu  exct-st-J  to  an  ntmuspbot 
of  carbosic  anhydrii)>.>,  sbMrlia  the  gaa,  and  U  eouvurtad  into  thia  p» 
duct  (a  wliite  powder). 

2fa/;0, .  10  B,0  +  OS,  =  2  S,StrCO^  +  9 11,0.        \^ 

ITm],  under  the  name  of  saleratus,  lor  laiaing  brMd,  aod  in  lfa( 
pr«parali«ii  of  vanuiu  vSi-rrtitciiig  powdon. 

iB,Ik'vCO^  +  JfJC-C,ff,0,  +  A<,)  s: 

I4l>.  Sodio  Hydiats  (Canatlo  Boda).  Na-O-tl.  —  At&o(pb« 
while  aolid,  Imviwjj  rury  «tniug  attraction  for  water,  in  whioh  U  4* 
•oItot  ill  all  pniiwniona,  ovoliring  cotiaiilcnbW  hcaL  Sotation  [n■«^ 
taMj  aJkiUiji«  and  strongly  cau»tia.  Pi^iarod  by  adding  milk  of  h» 
to  a  tolution  of  aotiio  carbonnte. 

(NivCO,  4-  Ca-iHOSt  +  Aif)  =  Ca'CO,  +■  (3  Xa-no  +  A<)).  p«I 

To  obtain  the  aoltd,  the  aoliition  ninal  be  docantcd  fironi  tW  I'nwJath 
challc  {CaCO^  and  evaponted  to  dryiMiB.  The  soluUgn  itMlf  it  a 
vory  vnloabla  reagent  in  tlw  Labontory.  and  a  (rrade  •cilntion  fljc)* 
nsed  in  the  arts  for  makiiij;  soap.    C<uutic  aoda  will  Domjiltteiy  aR- 
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tlw  atroBgest  acids.     On  evapomting  tbe  nentnl  solotioD,  wo 
k  tbft  ndic  u]t  of  ibe  acid  uwU. 

(MiO-ir + jyo-.vo, + -*?>  =  jvoOJ^o,  +  j5f,o + ,^ ?).    [loi] 

Oolw  AcU. 

Sodic  ntlU  of  vroik  acids  have  tui  idkalinc  rcodiun. 

147.   OzidM  Of  flodiam.  —  SoUic  Uxid«,  .A^<i,-0.     Sodic  Porazid^, 

143.  Sodlo  Nitnte  (Saltpetre.  Coble  Rltn).  Jl^o-Ao,.  —  A  nat- 
arul  product  fuund  iucruiilini;  ttii-'  a»tl  in  Uio  dcecrt  of  Ataoama.  Cr}v- 
tallixM  in  ihumbcihudnxi*  iweitililtng  oubca.  Much  uwd  for  mflkipg 
nitric  nciil. 

149.  POTABSltJV.  A=39.1.  —  Univalent.  An  impoitant  eou- 
atitucnt  of  felspar  and  mica,  two  v«rr  niilolj-  distributed  silicioua 
nuDctaU.  A  oonstitueot  also  of  all  furlile  Mils  vliich  are  fornwi  iJi 
part  bj  the  disintvgratiuu  uf  mcks  coutaiuiii);  lli««o  inincmk.  By  Lli« 
■otiuQ  of  atmuephcric  agenta  on  tbe  soil,  tolublu  puUt^ium  «atU  am 
fonued,  wbich  are  ab«orb(id  hy  the  ^irinjj  plants  wIiom  aslics  aru  the 
chief  sourco  of  Uie  potoniuto  calta  of  comiaorcc.  Uut  thcM  ealls  &i« 
now  alun  nblnin^l  Tmiu  tho  salt  bods  oT  StastfoTt  in  Gennany. 

150.  MetalUo  Potaaalmn.  K-K.  — BcscoiHus  sodium,  hut  lioa  a 
bluiKli  tingn  of  color ;  Sp.  Or.  =  0.SC5.  Brittle  -tt  0°.  Soil  at  15". 
Melts  at  55".  Sublimos  in  gnen  vajinrs  at  a  low-  ml  heat.  Btirna 
wht!u  heated  in  tho  air,  and  takcjt  firu  KpflntAnoously  on  wnt«r.  I'K' 
puvd  bj  distilling  in  nn  iron  ntlorl  tha  intimate  mixtnn)  of  potassic 
carbonnt"  and  ?liarco»l  obtained  hy  charring  crude  tartar.  Baaction 
•nm«  as  [92],  substiWting  A'  for  A'n.  Mor«  powerful  reducing  oj^t 
than  sodinm ;  hence  oblaint^l  wttti  jptvttcr  difficulty.  Ikloro  expenalve, 
and  Ipk  used  on  that  ncoonnt. 

l.*)!.  Potaaalo  Carbonate.  K,CO^. — Wliilo  deliqnflicmt  mil, 
with  *lninf[  alkaline  maction.  Tho  crude  aalt  (^PfiaAt*  of  oommeioo) 
is  ohcAin^l  bjr  lixivinting  wnnd-ashM  and  evaporating  the  lixivium. 
Pnrified  \>y  dusolving  in  a  smalt  quantity  of  boiling  mtor,  and  crj-s- 
talliiing  out  the  iiopnrities.  Largely  consnraed  in  the  art*  fur  monu- 
faetaring  gloss  and  soap,  and  for  |)re|)iuing  otiKr  compounds  of 
potoMiium. 

1 K3.  Add  Potaaalo  Carbonate  (Bloarbonata  of  Pota«h). 
HjK-COf  —  While  crj'staUiDo  soil,  proporud  by  passing  CO,  thiougli 
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It  «tT«ng  solution  of  tlio  nculnd  «rboiuit«i     ItcttctioR  liko[_B6^iA 
stituUng  K  for  yk. 

153.  PotMslc  Bydnito  (Cauatio  Potash).  Il.K'O.  ~  W^ 
ntiiiiir[>hauM  sulij,  ptvjKin^l  liku  cuuKliu  mxU  [100},  which  it  dm^ 
nvdubli'^  Imt  u  moro  (tcli'iiK-ACPut  uml  taow  vtrongly  SLlkaliiN.  Fwu 
with  iaX»  "soft  soap*,"  while  sodn  tormt  "  hard  •oape."  Like  i 
eodo,  on  imp(»rtAiit  ntogtrnt  in  tho  Inbonloiy.  Precipiutoa  famil 
tioQs  of  Ihnir  wtlta  moat  of  the  meteia,  geaeiaUy  as  lij^dialc^  l« 
Mmelimea  as  oxides.  Id  some  cases  tli«  ptedpitato  u  solnbls  ia  ■ 
cxceta  of  llie  ra^^uiit. 

(Ca-SO^  +  iK-iffOi  +  Aq)  ■=  CaiHO),+  (K,-SO,  +  Aq).  [}9Sl 
{2  J^A'O,  +  2  Ki/rO)  +  Aq)  = 

AgJO-i-lI/.O+iK'NO^  +  Aq).    [1«}I 
([Al,]CI»  +  WilfO)  +  Aq)  =  IA1,?(H0),  +  (G  XCi  +  Aq)  PH) 
[AI,l:(HO),  +  (G  A--ifO  +  Jy)  "^'^J[;ji^+  6  iS.O  +  Aqy  {VXi  \ 

1&4.    Oxld«>   of   Fouaaluia,  — PotoMJc   Oxido,    ^,>0.      PulM 
IMoxid<N  AV(OO).     Potattic  Tetroxide,  A;'(aO-0-0>. 

155.  Fotaaatc  Chloride  (SylTlne).      KCt.  —  IsotRoq) 

KaCl.     Fuuud  luisumlcd  wtUi  CaniaUite  {KCl .  MgCl^ .  C  //,uj 

mines  of  Stnwfurt. 

156.  FoUuic  muBta  (mtr«).     X'A'O,.— White  cr^BtalUwi 
Diinorphotiii.     U^uid  funu  of  L-ryaula  orttiothouhic  prisma,  hot  ttDii| 
cMoin  conditions  crystaQixes  in  rhomhabcdra  lilce  iVaJVO,  (he 
Holta  Bt  339"  vitliout  docomiMMttion.     Is  d««omposed  al  a  ml^ 
{linng  off  a  mixtura  of  ozTgen  and  nitrogen  gaaea. 
glowing  coals.    Ifitie  is  a  natural  product,  and  ia  cliicfl;  a«d  in  ' 
manufiictun>  of  cunpovder.     It  ia  also  employed  in  caring  mas^  ail 
tlw  fbsod  iuilt  {sal  pninollu)  is  ■  iiacftd  medicine. 

157.  Cbaractaiistio  Reaotlona.  —  SalU  of  potAssiiUB  an  fiti» 
(fished  from  thonc  of  so<liiim  by  giving  a  precipitate  with  an  < 
of  tartaric  add  and  with  acid  pUliaic  chloride. 

(SCI  +  H.fhf.HSi^  +  ^3)  B  H.K-C.H,0«  +  (RC\  +  J,). 

TMiAg  And.  jud  rsauAi  itnmM.  * 

(S  KCl  +  PtClJU  +  M')  =  PtCl.K,  +  (2  AT/  +  Aii-     ^ 

158.  UTUIUM.  SDBIDni2C  asd  CXISniBC  arri  roond  iai 
nUDUte  ijuantitics  ta  c^rtoiu  uiiuoral  wulcn,  iii  lepiduUic  uica,  anl  i 
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r  ottiernn  minomla.    They  ore  alwap  associateil  with  potaasitun  md 

iam,  la  which  titey  an  closely  lUljeU  iii  all  llti-ir  obeniitaLl  icktlont. 
Thi^y  fonn  with  xodium  uul  |K)tassium  a  tift'ua  ot  eiixtxo-l^OMlivt  cl»- 
ntcnte  ijnito  u  wdl  marked  nx  thu  Knct  of  doctro-ne^Ura  elcmonU 
of  the  prarious  group ;  and,  I'ulinving  tho  suno  law,  the  mo«t  electro- 
poaitiTfl  elemenU  nrei  tbo  lowest  in  the  seiiM,  aod  have  tho  highest 
atomic  ir«i^bt«.  Hoiiei',  therefore^  the  chemical  energy  of  the  elemctits 
of  lliia  gKniji,  as  Diaiiiftwted  by  the  attengtli  of  tbi-ir  otltniliu*  for  do- 
mnntt  of  tho  oppoaito  daai^  liku  tboM  of  thu  chlorine  group,  incrcams 
as  n-(i  di»c«nd  in  tho  series,  Tho  metal  litliium  is  rcmarkablo  a»  being 
the  lightMt  solid  IcQoint.     Spi.  Gr.  =  0.59. 

159.  Cbaiacteriatio  ReaotdoDa. — The  compoQudi  of  each  of  tho 
Bv«  "alliLiIiiir   mi-UiU"  imjiurL  a  jtcculioi  color  to  the  tlaxao  at  tho 

oscn  lump.  Thwm  ooloml  flames,  when  examined  with  the  spoe- 
eopo,  rxliihit  chiirnctrristic  bands,  by  which  tho  elomcnts  may  be 

tinguiMht^d,  and  both  rubidium  and  ceainm  weT«  discovered  by  ihia 

(Chapter  XIV.)    As  nii  alutual  utiivorMl  rule,  tlio  Kinipto  aolts 

'.  the  "  alkaline  motaU  "  are  aolublo  in  wotpr,  and  tho  rnady  Jwlttbility 

water  bulli  of  thu  hjdratoa  ood  the  corbonatos  ia  a  vety  cban>ct«ii8tio 
<  of  thcM  eiomenta. 


QUESTIONS    AND    PROBLEUS. 
LI.  Wliat  is  the  theoretical  Sj).  Or.  nf  liodiuni  Tapor?  Ana.  23. 

I C  What  i»  ili«  w»ight  of  I  littw  of  wdium  raper  at  XfiO^,  bat  under  lh« 

:  pivMurt?    ({l:}]aiidf  I.) 
f  At"*.  WtiRht  of  hydrngmi  gas  nuder  the  conditions  named,  J  of  a  crith. 
Hedcu,  wcught  of  sodium  vapor,  4.G  criths  or  a41i)  of  a  gnuamc. 

fS.  In  the  preparation  of  ■odium  [88],  what  weiglil  of  melal  ought  lo  be 
ainnl  frrim  SO  kilo,  of  iodic  carbonate,  and  how  many  lilre«  of  uothouifl 
I  Ku  >bould  be  fotmed  for  cvcty  tmunmo  of  sodium  obtained  ? 

Aas,  6.680  kUa  uf  Bodjiua,  and  I.U6  IJtrss  of  carlmnic  oiide. 

4.  Oue  cubic  dcdini-lr»  of  rock-oalt  coiibunti  Iiow  many  cubic  d.eciinctr<)9i 
1  laetallic  sodiiun,  and  how  many  litnn  of  cidoriuc  j^? 

Aiu.  0.^22  d:iS,*  of  Bodium,  aud  396.6  litre*  of  chlorine 

I  b.  To  what  extent  is  the  sulubiliQr  of  onamon  salt  iufiuenc«d  by  the  tcm* 
itni«  ?    (Coimit  Stortr's  Dii:tioiiary  of  Solulnlilies,  uid  compare  i\.  3, 
140.) 
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IS.  AnalTze  cqnationB  [103,  104,  109,  lOS],  and  ehow  that  the  varioas 
i^nibob  an  written  in  ccafarmity  to  the  rules  lefened  to  above,  No.  16. 

SO.  If  a  BBtniated  solution  of  nitre  is  made  at  38°,  and  sutwequenllj  cooled 
to  10°,  what  pioportion  of  the  ealt  will  ci^Btallize  out?    (Fig.  2.) 

Ana.  Two  thirds. 

21.  The  difference  between  the  two  kinds  of  aoap  coireaponds  to  what 
difference  of  jffopertiee  between  sudic  and  putai«ic  carbonate  ? 

Ana.  The  one  effioreeces  and  the  other  deliquesces  in  the  air. 

88.  Represent  by  graphic  Bymbols  the  constitution  of  the  different  pota»- 
nc  oxides. 

S3.  Whj  wonld  not  the  salts  of  sodiom  be  piecipitat«d  bf  the  same  re- 
•gents  used  in  [107  and  108]  ?  Apply  the  aame  principle  to  the  inteipre- 
ttfion  of  the  othet  nutionB  of  this  section. 


S04  SILVEB.  [|» 


nrvisios  rv. 

160.  BILTBR.  il^s:  108.  — Untvaloot.  Found  in  small  qonrii- 
ties  in  Dittuiv,  chiefly  in  tho  molollic  *lattt,  or  ill  combinalioa  wiik 
dilorine,  aulphur,  arecnic,  or  nnttniQiiy' 

161.  MetaUic  aUT«i.  Aff-Ag f  —  Sp.  Gr.  \Q.i7*.  FnswKttktf 
1,000°.    Tb«  phucipal  ores  ate 

Native  Silvet  Ag-Ag 

Horn  Silvur  AgCl 

Silver  GInnco  Ag^ 

Light-red  Silw  Om  (Proostito)  (AgS)^At 

Dark-red  Silver  Ore  (PjTMgyriUi)  {AgS\^S> 

These  orea  an  found  cbiefiy  in  laiDcrU  v«int,  oith«r  by  Uianutlra 
or  aasociateil  with  oros  of  lead  and  copper,  witli  iirliicJi  thoy  an  bt- 
quvntly  vniuitLiI,  ftiid  tlio  slIveT  Bubgeqaently  Mparatod  fnm  Ibe  nga- 
)aa  tlitut  olilaiiKtil.  8ilv«t  doca  not  oxidize  when  hoated  in  cdaM 
with  tho  air,  and  for  Uiiit  n&KiQ  ia  nadilj  sepintod  iram  load  in  lit 
process  of  cupoUalion. 


*i*y, .  yW  +  i  y  0"  0  =  xAg-Ag  +  yrtO. 


n«i 


The  «npel  faniace  is  so  arranged  that  the  melted  lithiu^g*  (^"^  n 
off  u  fosl  as  formed,  and  Icavw  tlie  ulrer  pan.     ^felted  silret  c 
diwolvfl  about  twenty-two  times  its  ralnme  of  oxj|t«n  gas;  bat  lb 
gM  is  given  off,  in  grmt  mMisuro,  when  the  metal  •oUdifieiL 

16S.   Ar««ntlo    Nitrate.   AgSO^  —  I^M  most  important  soMfc 
Bait  of  silver.     Obtained  b;  disaolving  silveoc  in  dilute  nitiic  acid. 

Whil*  ciTstidlino  solid  which  melts  at  319°.  F^ued  salt  ia  cmtbd  Inv 
canitio,  and  ia  much  nsed  in  sargei;  as  a  oaatat;'.  Aigentk  mbit^ 
aUhough  not  cban^^  by  the  liRlit  wlien  pore,  ia  nstdQjr  iliiiiiiiii|iiad 
when  in  contact  with  orjianic  malter,  and  the  black  stslu  of  iirl-'''- 
silver  thiin  formed  cannot  bo  icmovod  by  washing.  Hi^qc«  ita  V/foA 
tion  aa  indelible  ink.  It  is  also  used  in  Luge  quantitios  for  baii-djM 
and  in  the  art  of  pbotogiaphjr. 
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1C3.  Arg«ntio  Chloiiae.  J^rCL^Wkito  cryRtAllinoN>Ud(Fig.27). 
tells  at  abont  2G0°>  *tid  on  cooling  forms  a  horny  sectile  maas,  whenoe 
be  miuenlogical  DOtno,  ilotn  Silvn.  PKpKTod  by  addiug  to  a  aoluUou 
;  jugeuiio  mtmte  Any  solublo  chloride. 

(J^.VO,  +  AaCV  +  Ag)  =  AgCI  +  (yaNO^  +  A^).      [Ill] 

Wa  thus  obtain  a  white  cunly  precipitate,  which  is  inauluble  i»  wntor 
or  dilut«  odda,  but  soltibk  in  aiuiiionia,  in  poUsele  oyuiidit,  ami  in 
•odic  tbiaiulpiiit«.  Owing  to  a  [urtiiil  redaction,  th*  wliit«  pond«r 
blackens  iu  tl^i  lijjlit,  Mpt^cinlly  in  tbo  prosoDca  of  organic  mattoi  and 
an  excess  of  argentic  uitralo.  On  this  property  is  based  the  otdiuary 
pioceai  of  photegraphic  priuting.  In  contact  with  diliito  itcidii,  argentic 
clilondu  14  very  readily  redui-ud  by  metttllie  zinc 


SAffCt  +  Za  =  ZnClf  +  A^^. 


[112] 


It  may  also  be  reduced  by  hydrogen  oi  hydrocarbon  gas  passed  over 
UiQ  cidortdo  iu  a  heat«d  tube. 


2  Agci  +  3iai  =  Ag-Ag  +  2  m<m. 


[113} 


In  the  procen  of  clcctro;ilnting,  nrgcnttc  chloride,  dissolved  in  an 
jueoiis  solution  of  potossic  cyanide,  is  decomposed  by  the  electric 
3tU  (S  flS.) 
L64.  Aigcotio  Bromide,  Ay  Br,  nitil  Argentic  Iodide,  Agl,  resem- 
I  argentic  chloride,  and  »re  formed  in  a  aimiiar  way.  TIiv  Imt,  Iiow- 
I  has  a  yellow  color,  and  is  insolnhlB  in  iimmonin.  In  prtwi-ncti  of 
excem  of  arRi^titio  iiilrkte,  and  aft«r  ^ixpcumn;  to  liglili  tliey  nre  at 
nee  rcdiicc^l  to  the  metallic  stnto  by  solution  <>f  ft^rrous  sulphate, 
pfere  cxponiro  the  rtiihiction  tokee  place  very  slowly,  and  on  tltU 
clioD  is  based  the  art  of  photography.  The  »t«pi  uf  tlii>  process 
i:  I.  Spreading  over  a  (jlass  pLitu  a  film  of  coll uU ion,  holding  in 
lution  a  mixture  of  metallic  bromides  and  iodides ;  2.  Immening 
coated  plate  in  a  solution  of  orKmilic  nilmte  until  r  mixture  i>l 
atit  bromide  and  iodide  is  formoil  in  the  Him ;  3.  Exposing  the 
lo  light  in  the  camum,  whnro  tho  image  formed  by  a  lens  folia 
it;  4.  Durcloping  the  Intent  image  by  a  solution  of  f«rrout  sul- 
I ;  S.  Diuoltioj^out  the  undecomposed  silvcc  salt  by  a  lotutiou 
of  aodic  thiosnlphito. 

165.  Arcentons  Oxide,  Apfi,  A^enUo  Oxide.  Aff,0,  ATgnUo 
pMoxide,  Jf,0,. — The  secood  is  ft  brown  powder  which  Jails  OD 
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addii^  Ota  aolntion  of  an  alkaline  hydnte  to  ft  Kdotioii  of  ugntk 
nitnte.  It  is  very  iiligbtlf  aolnble  in  wat«r,  and  the  aolution  lui  id 
alkaline  teaction,  and  the  moiot  precipitate  absorba  CO,  from  the  aii. 

166.  Chataotariatlo  Testa.  —  Moat  silver  compoonda  maj  be  »■ 
daced  to  pun  ailver  befbn  the  blowpipe;  and  wbensver  they  ■» 
hrooght  into  aolntion  the  sU?et  oan  be  rocogniied  and  the  amoral 
Tei7  aoGDiately  determined  by  the  nactiou  just  givea  [111}.  Sihw 
i«  lemaikable  for  forming  anbydrona  aalta ;  and  whanavai  we  villi  t> 
determine  the  molecular  w«ght  of  aa  acid,  it  ia  geoemllf  beat  to  ai» 
lyze  ita  ailvei  lalt.    (S  J&) 
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167.   thallium:  Tl=3M.L — Ugu&I  qunnlinlRnco  on«,  liut  also 

ivu]ent.     A  v^y  rare  e!«uii>nt,  found  ux  si>mp  v&rietioe  of  pyritoe  and 

Oiiikoiitu,  a  itiilHuiiJe  of  copinir  and  tballium,  ima  n  copper  niiuo  in 

redcn.     Tho  hrown  oxtdo  of  ttuilliiiui,  Tt^O,  in  sulutilu  in  wat«r,  and 

COf  from  tha  air.     It  foniiM  «  Mrics  of  wdu,  moct  of  wfaii^ 

iaomorphoua  with  the  corrMpondiDg .  wklte  of  {mtaannui,  and  in 

«ny  oUier  rwpecta  the  compouude  of  thia  olom«Dt  rcwmhJa  thow  of 

be  inetala  of  tlin  utkiLli««^     On  the  other  haud,  thiiUiiUD  fonns  n  bUck 

iilphule,  TlfS,  iniiohibk.    In  thi*  mtiHM:!,  and  ulao  in  th«  properties  of 

hftloid  compounds,  thallium  is  aUivd  tu  lead,  trbicb  it  reaemblea  also 

t  ft  metal.     This  element  differs,  however,  fr«m  luad  as  much  aa  frum 

I  alkaline  uetaU,  in  forming  a  sesqiiioxide,  Ti^Of,  and  &  diuw  of  wcll- 

krk«d  sesquioxide  salts.     It  fonns,  alao,  a  seaqiiisulpbido,  7'/^^^,  and 

.  tcrchloridi',  TlCt^.     Such  are  tho  ouaifold  relatioiia  of  this  clnnmnt, 

ad  it  IS  phiwouiona  of  this  sort  that  modw  any  ttchuwe  of  classifying 

bo  chuinicol  «l(im«nU  yrt  pro[iOM»I  so  very  uusaLis&clory. 

The  vuptir  of  thallium  im]>arts  a  groon  color  to  Die  Aamo  of  ft  Bunsen 

up,  and  shows  a  single  green  band  iu  the  spwtroscopci. 


QtTESTlONS  AND  PROBLEMS. 

t.  Given  llie  peruula^  coiupo*itioti  of  Proiwtile,  nlvcr,  €5.4S  ;  aulphur, 
1.39  ;  srwJiic,  18.16.    Rwjuini!  the  nyrnbul.  An*.  Ag^^At. 

8.  How  much  jcnala  i»  tho  per  cent  of  tilver  in  Proust!t«  than  In  Pynr- 
rite  T  Ans.  C.OB  per  cent. 

3.  Drew  dla^ruim  iUiutnting  thu  molecular  coiutitution  of  the  dilfcRnt 
Iver  oces, 

4.  Annlytc  reaction  [1 10],  and  point  out  the  difference  between  itand  the 
I  of  nsctioas  of  which  [(M]  is  the  type. 

5.  tf  a  tpvea  maw  of  ni)(cntifcroiui  lead  contains  tliice  fourths  of  one  per 
il  of  eilTVr,  how  many  kiloKnunmci  of  tiihnrge  will  bo  made  in  the  pioom 

rcnpelbtion  to  tnch  ktloKTnmmi!  of  nilvcr  extracted,  and  how  many  cubic 
I  of  oxygen  gan  will  bt-  abnartiod  by  Ihf  procew? 

AUi.  ll^.i  kilo,  of  lilhnrgf,  and  T. 131  DU*  of  oxygen. 
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6.  One  gramme  of  eilvcr  treated  as  iiidicatsil  hy  [llOj  and  [111^  ptiiii 
1.3£8  grammes  of  argentic  cliloriile.  Wbat  ia  lUe  atomic  weight  of  tiliaf 
The  atomic  weight  of  clilorittti  ia  «sHimied  to  be  kuuwii,  3&.5,  uti  lito  111 
speciiic  heat  of  ai^utic  chluride,  0.()9I.  A-m.  IM. 

7.  One  gramme  of  argentiu  chloride  re>lac«tl  Ij  hydrogeq  [II33  jMrf 
().ToiS6  of  a  ^^rammu  of  bUvci.  Whut  is  the  atoiuiu  wei^t  of  fiilvott  Tb 
tuuuti  valubs  ure  ousuiaed  as  in  the  last  problem.  An.  iif. 

8.  One  gramme  of  argentic  oxalate  yields  when  heated  O.TinS  gnam 
of  silver.  We  linve  reastiii  to  believe  that  oxalic  acid  is  biba«ii^  Whila 
ila  mntecular  weight  7     (§  G3.}  Jim,  %, 

6,  Write  the  reaction  of  a  Eolutioo  of  potaaBic  hydrate  on  a  lohiliH 
of  argentic  nitrate,  and  compare  this  reaction  with  thp  corresponding  ts- 
tion  [2U7]. 

10.  According  to  BoBCOe  the  Sp.  Sr.  of  tbollium  i^Uloride  i»  8^  Vbt 
eridence  does  tliis  obaervatiun  give  of  the  quanii valence  of  thallJDm? 
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168.  OZTOEN.  0  =  16.  —  Bivalent.  Tho  most  abundant  and 
tb*  mod  widely  difl'iiwtd  of  tho  elemenU,  forma  one  fiflh  of  tlia 
ntmcMpltcre,  eight  ninths  of  water,  more  than  thnw  fourth*  of  organ* 
izod  being*,  ami  ono  half  of  the  solid  crust  of  the  glul>e^ 

Id.  Ox7s*"  t^"-  '^^' — P-xiKtsinafrcc  *tat«  in  tiieatmoqthere, 
but  njis'?ii  witii  (litMgiu  giis.  Muy  bo  cxtntctcd  from  the  air  by  eltJter 
of  the  folloviitg  doiiblo  rvACtions.  Metallic  men:ary  or  bari«  oidde  Is 
first  heated  in  the  air,  and  then  the  product  of  the  first  reaction  mined 
to  a  much  }itgher  temperature. 

1.  2A5»+ ©^=2/r^0.       I.  iSaO  +  <Sy®  =  2ltaO,.     p..   , 

2.  2//sO  =  2Wy+irKO.       2.  2BaOt  =  SBaO  +  <SyS>.      ^      ^ 

enerally  oljlniiial  fmm  commercial  or  DBtnTtd  products  rich  in  oxy- 
-gen,  by  ono  of  thi?  reactions  given  bolow.     The  materials  must  in  each 
mae  be  he>ated  to  a  defiuito  temperature,  and  the  last  two  roactiona 
require  a  full  red  heat. 


2  KCIO,  =  iKCl+  3®<D.* 

4  (/M'50,)  +  2  {[Cr,]  »  SOJ  +  8  fftO  +  3  fIWi). 

2  MnO,  +  2  BtSO,  =  2  JfnSO^  +  2  /f.O  +  ©=® 

3  jtfnO,  =  Mp^O^  +  ®^. 

9  ff,SO,  =  2  fllO  +  2  SOt  +  (SXSt. 


[US] 

[116] 

[117] 

[118] 

[119] 

Also  by  electrolysis  of  wal.-r  and  by  [66].  Oxytien  (^  is  a  chief  pro- 
duct of  vcgftubi.!  life.  Under  Uio  infliience  of  th«?  »un'*  raja  the  platila 
dwN^mpoae  th<?  carbonic  acid  of  tbr-ir  food,  fixing  the  carbon  and  liber- 
ating the  oxygpn.  Oxygen  gas  mnnifi-jils  intense  affinities,  bat  thwo 
ait!  only  cali«l  into  play  nndor  regulated  condiliona.  (Review  Chap- 
■  Xlil.  on  Relations  of  the  Atoms  to  Hunt.)     When  an  elementary 

I  TWs  tMrtion  U  gnotly  hdlitstnl  by  tnlxLng  th«  pataarie  ditomt*  "ilh  cnpric 
nUe  or  muguiic  diuxid«,  which,  homrer,  1lDdl^r([o  fn  tb«  prooeu  no  Bppsrtnt 


310 


OXYGEK. 


m 


USiaiiic^  usitea  with  oxygen  ft  i«  Bud  to  l»  oxuiaed,  and  wba 
AUDjpbund  u  decomposed  tliO  oxide  is  said  to  be  ratueetl. 

170.    Oxygen  Compounda.— The  laoat  importent  rlirwrt  of  i 
arc  illu8lmtc<l  hy  tbu  fullowiiig  nymbolB  and  exuu)>Lea  :  — 


2. 
3. 
4. 


I.  Je,o 

a 
KO 

II 

Rfi 

u 
5.   ItO, 

m 
8.  /?A 

IV 

7.  no, 

IV 

nail' 

ft.   ^,0. 

10.  ^,0, 

11.  ko, 

12.  AO, 


or 


I  I 

K,{H-OyO 
n 

n  u 

(s-oyo 

m     ni 
i»  _ 
Itl» 

II  IV 


as  in 


no. 

so. 


ir,o 

CaO 
J-,0. 

*.o, 
cv.o, 

P,0, 
&0, 


A9,0 
Ag,0, 
PbO 

PbOt 

CO, 


As  a  nln,  Iho  oxides  of  tho  forms  1  and  3  «ct  ax  fauie  aiAf 
dridM{$4!<),  and  are  callod  protoxidee.  On  the  oUier  hand,  tbe  mill 
of  the  fonns  6,  7, 10,  and  13  generally  ad  oa  acid  anbydndca.  1 
oxides  of  tlie  form  8  ara  called  Maqaioxidea.  They  usmnllf  act 
basil?,  but  aometinies  aa  add  anhydridua,  and  at  oth«r  \.\m*»  tUu  il 
peroxldiM  m«BtioBcd  bdow.  TIm  oxidm  of  the  fonna  9  aud  t1 
vfiy  iiutifTurciit  bodicn,  and  thnim  of  th«  Rrst  ctaas  ue  aomoUlBw 
(nltne  oxidt^.  Tho  oxi<Io«  of  the  fonna  S  and  5  am  caUol  di>  at  ft 
Oxides  They  act  aa  ponmfnl  oxidtiang  agenta,  readily  giTii^  «p 
half  of  the  oxygen  they  contain.  [71  and  77.]  Tlio  oxtdea  ut 
fonn  4  ■!«  called  miboxides.  Tlity  satafltinm  act  aa  boaic  ankyAUa 
but  in  Bio*t  cn*n«  when  actwi  on  by  acids  they  change  inin  pnitoxMi 
dthnr  giving  up  one  half  of  the  metal  or  taking  np  na  much  I'tlB  flM 
g«n  a«  they  contain.  The  relation  of  llie  oxtdea  to  thn  aiada,  Imm 
•tits  baa  beeo  alrDody  explaiQ«d.     (tCuvinir  Chapter*  IX.  uhI  X) 

BaaidM  tha  above  duaea  of  oxiilo*,  oil  of  whicb  oonniwi 
OMBponDdi^  tlien  an  otbon,  most  of  which  an  otUy  kmnra  ■ 
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rwlimla.  With  many  of  thoae  radKala  t1i«  student  ia  already 
XT,  such  M  SO,,  SO,  iVO,.  NO,  PO,  in  lUl  of  whicli  the  oxygen 
atoina  only  satisfy  a.  pnrt  of  tbv  nlliiiitiea  of  tbc  luultivoluiit  utgriit,  with 
wtiich  tbi^y  are  grouped,  ati'l  the  quantiTnlooov  of  tho  tndical  ia  «aaiJy 
fouml  by  Wtirt«'a  rule.     (8  29.) 

ITI.   Csone.   (O-O^O. — Tfae  best  Opinion  tliat  can  at  prewDt  be 
nod  in  rcgnrd  ti>  tliu  conHlitution  of  tliia  remiirkablo  stilutaticii  ia 
.  by  the  rntionnl  Nynibol  hcregivcn.    Oionc  \»  jirodiiccd  under 
great  ■vnrinly  of  cctidilion»,  (us,  —  1.  Curing  the  juuua^u  of  elHutrio 
ika  through  air  or  oxygen.     2.  During  the  ekutrolywii  of  sniei. 
During  the  t\oit  combnsljon  of  phoqihonts  in  moin  aii.    4.  During 
be  slow  combustion  of  alcohol,  ether,  and  volatile  oils.    5.  Ity  decont- 
bwio  peroxide  with  sulphuric  acid,  and  by  aeveml  other  aimilar 
ctions.    Oiooe  o*  thus  obUuntd,  however,  ia  Tery  lai}^y  diluted 
ith  air  or  oxygNi  gn^,  and  vrc  hnvo  nut  yt-t  nuccevded  in  propariug  it 
a  pure  condition.     It  diircrg  from  onlinaiy  oxygen  gua, —  1.  Id 
ung  more  readily  condensed  to  tho  liquid  stnto.      2.    In   having  n 
color,  which  is  very  marked  in  the  liquid  etat*,  and  perceptible 
in  the  giu  if  thu  byer  thruugli  which  the  light  passes  ia  one 
Q  thick.      3.  In  having  u  peculiar  odor,  with  which  we  am  fa- 
ar,  as  a  concomitant  of  electrical  action.     4.  In  acting  o*  a  powci^ 
I  oxidizing  agent  at  the  ordinary  temperature  of  tho  air.    It  corrodos 
rk,  india-nibbec,  and  other  oi;guuo  nukt^iriols.   It  bliuiches  imliga   It 
en  oxidizeB  ailver,  and  displaces  iodine  from  its  melAllic  compouoda. 
'a  slip  of  iMtper  moistened  with  starch  and  potansio  iodide  is  iiiaorted 
■  jnr  conli-tiniug  llie  smaUcet  trace  of  oione,  it  i^  iranivdi'itfly  tMilonxl 
lot,  owing  to  the  Ubentioa  of  the  iodine  (|  140).     In  like  manner, 
'  wet  with  a  solution  of  manganoua  sulphate  is  turned  brown  by 
QC,  owing  to  the  OXidaUon  of  the  manguui'ee,  and  piipnr  stiuned 
itii  plumbic  aulphidft  is  bleached  by  the  wune  ngnnt,  bticauM  the 
sulphide  is  chaugud  to  the  white  aulpliute.     5.  In  the  fact  that 
>.  Gr.  id  31  inMead  of  IG. 
The  fomiatiiin  of  umnc  in  a  confined  mass  of  oxygen  gas  is  attended 
a  nvluction  of  voluoir  ;  ond  eiuc^  the  ozone  thus  formed  may  be 
arbed  by  oil  of  turpentine,  wo  have  thus  tho  means  of  detonnining 
spedfie  gravilr,  and  the  results,  if  correct,  |irov«  that  the  nrnkciile 
onme  consists  of  tliree  oxygen  atoms.     A^-uin,  during  mont  nuce  of 
nidation  by  otone,  the  volume  of  Uio  ozonized  oxygen  docs  not  changOi 
id  this  £act  is  consistent  with  the  theory  of  Its  constitution  which  otu 
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■njobcBlar  fannalk  wqnvMM,  na  in  illastrat«d  by  the  following  m» 
tioai— 

ArAff+2{aOyO  =  A9,Ot+SOO.  [1. 

It  hiw  liemi  ahowD,  liow«Ter,  that  oil  of  tarpentine  absorI»  tl>e  meb- 
culo  of  raono  h  m  vrliole,  and  U,  therefore,  an  exception  to  lbs  gtimal 
mlo. 

The  metal  in  tha  abovo  mction  is  nined  to  tfao  condition  cf  ya- 
ox\d%  AoA  it  ia  probable  that  Mveral  of  tfa*  oxidoe  nitd  osTgn  acifa 
conUin  ou«  or  man)  atomaof  oxygen  in  tbe  aama  condition  oa  in  aMM> 
Such  coin]xiundH  have  been  called  oconidee,  and  among  Quiai  an  diMd 
tlM  perozidca  of  mlvttr,  l<ud,  and  mangiuieM,  tbe  aeaquinxidca  of  nkbl 
and  cobalt,  as  also  chrouic  tuanganic,  and  pormangutic  acids  *fth 
tlicir  Tarioua  salta. 

Tlie  pemxidva  of  bjdiogen,  barium,  strontinm,  sodium,  and  pola» 
rioiD  dccoD)pR«i3  the  oxonidw  jtut  im^tioned  with  tho  ovtdntioa  d 
exjgm  gn,  thoa :  — 

{Pb-oyd  +  i/M'r^-^no+  fftO+  0-0.  \\fCi 

Compara  aUo  [75].  H«nco,  a  difttinction  baa  been  mads  bcimci 
ozonidc*  and  antononidca,  and  Rocltous  like  [l-t]  bnTo  b>Mn  u- 
pliuned  by  aaauming  that  tbo  aeeand  atom  of  uxygi-a  in  thew  tn 
dttiaee  of  porozidos  is  in  an  f^)po«it«  polar  atato.  It  hu  haan  wtf 
poaed,  abo,  tliat  th«i«  were  two  comaponding  cnnditiona  of  oaoaa; 
bnt,  accordiri};  to  more  ivcent  inrestigations,  tho  so-called  antuaw 
was  only  liydro^ien  jwroxide. 

Oxone  appears  to  be  constjinlly  preeent  ia  th«  atniosplipre,  an>l  m- 
pottant  cfTectA  hare  been  attributed  to  its  uiflueoco.  It  baa  bas 
thonght  to  be  the  active  agent  in  all  prooetaca  of  alow  oonbtulioA  aul 
decay,  ami  to  pluy  an  important  part  in  the  eoonomy  of  oaton.  BA 
although  nuni(ir(>iix  nnd  ]onj;'Oon tinned  obaerrations  of  th«  aaottiA 
ottone  in  the  ntraoophers  hava  been  nutdef  tbo  method*  cm 
not  now  regarded  as  trustworthy,  or  tlie  teeulte  of  impoTtaiKSi 
temporaturo  uf  300°  ozone  is  imitantly  changed  into  comnum 
gas,  and  at  a  tempeninro  no  higher  than  IxnUng  water  it  alow^ 
tuiai  to  the  same  oonditioa. 
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I.  ^Iiat  ii  the  reuou  for  vritiogtlie  symbol  oTcucygvn^  0>0t  Q{  IS 
aiulsa) 

i.  WbH  H  ibo  (liflbrence  1><tw««ti  the  coodition  of  oxygen  gu  in  tho  at- 
motplwr*  Mid  th«t  of  the  Mune  go*  in  •  puic  condition  contained  in  a  bell- 
KlnM  ■buidtng  over  a  [intutnatic  trougb  t 

3.  W«i(«  lUe  nttrogeo  \^  of  ibe  atmoipbem  remored,  would  the  jibynical 
DomditioQ  of  thu  oxygen  gan  bu  oh^uigud  I 

4.  If  by  riiiirr  of  the  mcthodii  [114]  oiirgen  gu  i«  obtained  directly 
fKim  the  ntmnaphent,  bow  niAny  litro*  of  nir  would  be  requii«d  to  yield 
one  litre  of  oxygen  gag  nt  tbo  tnmc  tcmpcratiim  anti  prewiiirol    ($&4.) 

Anv  4.7T  litiM  of  air. 

5.  How  much  potauiic  chlorate  must  be  lued  to  yield  100  lilm  of  oxxgea 
I  at  30^  and  38  c  m.  priwiiue  I  Ana.  106  gn. 

6-  Whflt  weight  of  poUs«ic  dtchromate  [IIC]  must  be  u^  to  yield  a 
itn  of  oxygen  gna,  Sp.  Or.  =:  00 1  Ani*.  OJ.Ti  gi». 

If  3S.09  gtninnics  of  potnuic  chtonite  ore  decompoaed  in  a  cIo«d 
cuotu  TeucI  of  1,010  ir^*  caiucitj,  what  will  be  the  tciisiun  uf  the  gni 
:  the  TsBtJ  at  373°  )  Ani.  131.6  c.  in. 

What  wei;;ht  of  oxygen  gas  is  ret^utred  to  KU  a  globe  of  10  titit*' 
city  at  ST'.S  and  38  c.  m.  pnoMire  I  Ana.  6.&I&  gmnunM. 

9.  From  a  given  ww'ght  of  KnO,  how  mudi  more  oxygen  gu  can  be 
uncd  by  iv.iction  [HT]  than  by  (118]  I  Ana.  ^  more. 

A  volume  of  air  measuring  100  J~^.'  u  miiod  with  00  !^*  of 

I  gM  and  exploded.    Whnt  vcilumc  of  giu  in  Icfl,  Ofsiiming  that  the 

olumea  az*  all  nuoaund  uudia'  (landiird  eonditionii,  and  that  all  the  water 

Bed  ia  condensed  1    ($  «4.)  Ana.  67.13  ^r^.*. 

II.  In  an  cxpcrimeni  like  ihe  liiit.  with  the  aame  iiiiliol  volume  of  air 
and  byilri^n.  the  vnlnme  of  the  tvsidiml  gaa  nieftaufwl  88.41  iTm.'.  What 
i*  the  cotnporition  of  th4  air  1  It  is  amnmed  that  tlie  Tulunea  an  meuimd 
tutdcr  a  constant  pmmim  of  70  c  m.,  and  at  a  temperature  at  wltich  the 
teiiidou  of  ai[ueoiui  vapOT  cquoli  2  c  m. 

tAna.  20.9«  per  cent  oxygen.  79.04  nitingen. 
- 


IS.  Analyse  naetioii  [116^  and  ehow  bom  which  of  the  locton  the 
[  oxygen  ta  derived. 


i&4  QUESTIONS  AKI>  PBOBLEUS.  Qnt 

13.  Repiefient  renction  [118]by  graphioBymboIa. 

14.  Whftl  volume  of  chlorine  gaa  ia  required  Ut  decojnpcN>c  one  Utttti 
Aqueous  vapor  1  Ana.  1  litre. 

16,  If  one  gnmune  of  water  is  decom  posed  by  gBlvaaiain  in  a  idami 

KUh  globe  coittaiitiii){  l.BG  litres  of  air  under  normal  conditionii,  wtui  viS 
be  the  tenaion  of  tbe  resulting;  gna  mixture,  leaving  out  of  the  uccounl  \h 
tenMon  of  the  aciueona  vapor  whiuh  may  be  prcsenl.  Aos.  19i  c  m. 

16.  Explain  tbe  change  of  color  which  takes  place  when  paper  mt-iitcM^ 
with  a  aolntioiL  of  starch  and  potaaaio  iodide  ia  exposed  to  tbe  KtioL  el 
ozone. 

17.  Explain  the  method  of  findli^  the  Sp,  Or.  of  ozone. 

18.  Can  you  devise  a  method  of  finding  the  Sp.  Gr.  of  ozoae  hued  ' 
the  principle  of  §  63  ? 

19.  Explain  the  reasons  for  writijig  tbe  Bjtnbol  of  owme  iO-OyO.        __ 
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172.  BULPHUR.   5=33.  —  Fsually  btralent  wben  is  oombinv 

[tJvn  with  mctAl*  or  poaitivo  ndicnls,  Inil  in  i>thcT  nmociuUpnn  fn>qucDt1f 

[quwlriralcQt  ftod  eoxtivalcut.     Widely  and  nbundontly  dislTibulwI  in 

iBBtnie,  chiefijr  ia  com  bi  nut  ton,  foiming  rarioua  tnetoUic  aiilphidee  and 

|ialpbat«i    The  most  abondaiit  of  ttieiw  are  Iron  pyritoa,  FtS^,  aiul 

fpMua,  CaSO, .  2  ff^O.    Fuiind  iiUo  iintivit  in  volrauiic  diHtricte.    It  i«, 

Pworeovcr,  an  CMwitiid,  althoiigVi  a  vi-iy  Huliordinnt^,  ingnuUont  of  the 

uiimal  tU*u«.    Sulphur  is  very  closely  allic^d  to  oxygon,  and,  coire- 

aponding  to  <«ch  metallic  oxid«i,  tliora  is  usually  a  sulphide  of  tbe 

same  molecular  structure ;  and,  substilutinj;  the  symbol  of  eulphur  for 

'  Hot  of  oxygen,  the  table  of  oxidea  on  |>a^-o  310  will  aerre  eijually  wdl 

I  a  cloiuilication  of  tho  (ulpliidea. 

The  gn-atcr  part  of  the  atitphur  of  commfirce  comes  from  tho 
[mines  of  Sicily,  nhorc  it  is  cither  melted  or  dietillod  from  the  vol- 
1  eaoic  earth.     A  small  quantity  la  obtained  by  roosting  or  distilling  ■ 
^iroR  pyrit«a.    Common  Bul|>hur  U  a  rery  britlle,  ycUuir  solid,  melting 
[■t  1 14°,  and  iKiiling  at  440°,  when  it  furnia  a  denao  red  rai>or.     It  ii 
I  in^Khible  in  vralor,  and  nearly  so  in  alcohol,  ether,  and  chlorofom],  but 
readily  soluble  in  carbonic  disutpbide,  beiuol,  and  oil  of  tnrpentina, 
uhe  aolTeut  power  of  tlie  laat  two  Uquida  being  greatly  tncrcMed  by 
tliaat.      Sulphur  aaminea  a  groat  variety  of  alhtroplo  modifications, 
■  which  aro  manifested  by  dilfcrcncta  of  crystallin«  form,spcci&c  grarity, 
solubility,  and  color.     At  the  ordinary  tempemtiiro  it  cTy«talli»«  in 
octahedrons  of  the  orthorhombie  syatem,  Sp.  Or.  2,05,  and  sbovo  105* 
^  in  obliiiiie  prisma  of  tho  monriclinic  systems,  Spi  Gr.  1.08.     MoKOrer, 
I  the  one  crystalline  cimiHttoR  pfumM  into  the  othei  at  the  temperature 
'  at  which  it  is  normally  firmetL     If  hMt^d  to  230°,  melted  sulphur 
Iwcomea  dark«t-colaied,  tliick,  and  pasty,  and  if  suddenly  cooled  tho 
jaaaa  retnaius  plattie  for  tome  tim&     At  100°  this  plastic  material 
cn<ldenly  change*  hock  to  brittle  sulphur,  with  evolution  of  boat,  and 
the  wme  change  soon  followa,  altbough  more  slowly,  at  the  ordinary 
t«m|>enitu»i.     If  sulphur  ts  bested  to  230°  and  suddenly  coolnl  tov- 
cra]  times  in  succession,  it  is  in  part  converted  into  a  peculiar  dark- 
colored  variety,  wholly  insoluble  in  all  solvents,  and  easily  aeparat«d 
by  cathooic  disulphide  ftom  tli«  unchanged  pottiuu.    Monover,  ordi- 
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uaiy  flowen  of  solphur  (fonned  by  condensing  the  Tftpor  of  nl^n 
in  colli  btiuk  chaiiibvni)  cuiutut  in  port  i>f  &  yellow  powder,  innl'iWt 
in  carbonic  di!iul|>liidc,  wiiiuh  sjipom  to  be  Htill  nDothcr  cooditiiui  itf 
■idpliur,  niid  suvuml  nthcr  modi li cation*,  including  a  block  uut  a  nd 
T&nclj,  liavo  bmtD  di-«;ribod  u  distinct  kllotn>ptc  states.  Sii]|iluit 
kppoua,  ev«it  in  the  state  of  vapor,  to  piesent  dlfferenoeft  uf  coo^tS^^t 
Jiut  nbore  iUt  ImiliiiK  point  the  Sp.  Gt.  of  sulphur  vn{ior  t*  66,  vflV 
eomipond*  to  tlia  nii)lc-i:u]ar  fonnuU  S^S, ;  niul  not  until  tho  tMBpea- 
tuto  reaches  1,000"  does  Ibo  Sp.  Cr.  bocomo  32,  corrraponding  to  tla 
fijnaaU  S-S,  like  tb&t  of  oxygen  gaa.  Snlphui  has  strong  olltnity  fa 
the  iQutiUa,  many  of  which  bum  in  its  vapor  iritfa  great  brilliuney.  U 
has  nlso  a  strong  affinity  for  oxj'gcn.  It  is  very  combufitiblcv  lakilg 
fire  at  a  low  t«mperutui'e,  and  forming  by  bnrDing  SOf.  It  is  cUeflj 
used  for  making  «idj)hutic  acid  and  rulianiring  iudia-rabbcr ;  but  ft 
has  Riuiiy  HubordtnuU.'  ap|>licationH  both  in  the  aita  uiid  in  mediciah 
Tlia  »o-aidlcid  milk  uf  Mulphur,  umd  iu  pltarmncy,  it  oblainf<d  by  di*' 
■otving  flowers  of  sulphur  in  alkaline  li(iuid«,  and  sabecquenUy  jn> 
Ctpibiting  with  acid. 

173.  Hydric  Sulphide,  8ulphohydrio  Add,  Sulpharetted  By 
drosen.  I/fS.  — A  cuWIraa  i;^  wbieli  by  pttesuie  and  cold  nuyb 
eolidenstHi  to  a  limpid,  colorluw  liijaid  (Sp.  Gr.  =  0.9),  boiUn{  tf 
—62°,  and  froonng  nt  — KO".  U  aolublo  in  water  and  olcolKd,  ow 
▼olumo  of  waiter  at  0^  di«»olving  4.37  volmnce,  and  one  voloau  d 
alcohol  at  the  aame  temperature  diaaolvLiig  17.9  votumas  of  tha  pa 
Has  a  repulaive  odor,  and  ia  a  conHlont  product  of  decayii^  ^jumii 
tissues.     GeneniUy  obtuioied  by  the  tenctien 

FfS  +  (11,80,  +  Ai)  =  [F*SO,  +  Aq)  +  ff^ ;        [12*] 

but  as  the  ferrous  sulpbido  commonly  used  coBtdm  more  or  leaa  iMtal 
lie  iron,  the  gas  thos  ptepand  is  mixed  with  hydrogen.  It  is  idilaiwl 
in  a  purer  mndilioD  from 

SiySi  +  («  BCl  +  Aq)  =  (2  SbCl^  +  Jj)  +  3  i^S.       [1»] 

Hydric  sulphide  is  very  combiutiblo,  and  Ikltds  wiUi  e  pale  fchi 
flmw. 

The  Kilntion  of  tho  gns  exposed  to  the  air  soon  beootnos  ttuUd,  eeof 
to  the  oxidation  of  tho  hydrogen  and  oonaoqnent  s^pention  if  ■iT|ii» 

(2  B^  +  Aq)  +  tSK»  -=  (3  i^O  +  i«)  +  S-S.        [IB] 
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If  th«  action  is  assisled  by  poioiu  boUiIs,  the  ondatioa  is  more  oon>- 
|dete. 

{HtS  +  A9)  +  i  ®-®  =  {HfO^'SOt  +  Aq).  [126] 

The  eubatancfl  is  also  deeompoaed  by  chlorine,  bromine,  or  iodine. 

<3  BtS  +  2  y-/  +  Aq)  =  (4  Ul  +  Aq)  +  S-S.         [127] 

On  this  Ia«t  reaction  \s  based  a  simplo  process  of  det^miiuing  volumet- 
'  ricalJy  the  amoniil  of  H^S  in  a  giren  solutiou.  Th«  uompmiDi)  may  be 
.  analysed  by  heatiug  laeUllic  tin  in  a  confiued  voluinv  of  tho  gas. 

ai^  +  Sn  =  SnS  +  mm.  [128] 

Althongb  the  sulpbar  a  remorud  by  tlie  tin,  tlic  volume  of  the  gas 
does  not  clian^i.  Hydric  sulphiije  is  not  unfieqtiently  fonned  in  na- 
ture from  cukic  siilphiLto,  which  in  contact  with  decaying  auiinal  or 
vegptablfl  mattor  loses  its  oxygon,  wh«D  the  carbonic  dioitidu  of  tbc 
fttmosphGRv  acting  on  the  resulting  calcic  sulpliide,  seta  fniia  tbo  com- 
pound in  qneatioQ.  li  is  ptubably  thus  tbat  lb«  solublo  sulphidM 
in  many  miinerul  tpriu^  originate 

Hydiic  iiu]|i)iid(!  is  one  of  tlic  must  importAnt  chomical  rcdgvnts,  and 
is  il'mmI  to  convert  into  sulphides  various  metallic  bydntea  and  other 
salts. 

1.  Action  on  alkalino  hydrates. 

{K-air  +  H,S  +  A',)  =  {K-S-H-^H/i  +  Aq).  [129] 

(X-Sff+  A'-0-ff+  Aq)  =  (AVS-  -1-  //,(?  +  Aq).  [130] 

Thus  may  also  be  formed  A'allS,  AW^,  XH^US,  (lfif,)fS.  (S  38.) 

2.  Action  on  salts  of  tbo  idotu  d«ctri>-n«pitiva  m«tala. 

(Crf^O.  +  If^+  Aq)  =  CdS  -J.  (ff^TO.-f  J7).  [131] 

'60  also  may  be  precipitated  from  aeid  solutions  of  tb«ir  salts 

Ait,f;.,      S>^S.,      Sb.&,.  (J)       SnS.      SnSt.      PtS,,      AufS., 

rtlh>4.  H~V  (Aui*  Bm.  T<Uh.         nmn.  BUik. 

I  all  of  which  am  soluble  in  alluilini:  sulphiiiea,  and 

C^M,       J}i^%       A^S,       nyS,       [H^,-]$,       PIS, 


Cds. 

TUIv*. 


DiKt.  BlHk.  niv*. 

bU  of  which  an  insoluble  in  alknlino  sulphidcit. 

3.    Action  on  salts  of  Ihn  nmro  clcctro-positiv*  metals.     Tbn  follov- 
ing  Bulpbidus,  although  not  precipitated  from  add  solutions,  are  pie- 
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dpitntwl  wIiAb  aaffldaitt  uuDonl*  b  added  to  neotnlite  all  tin  Mib 
pmaent,  oi  whoo  an  alkaltDD  vulptiide  u  uood  in  placo  of  S^ ;  — 

MS. 


ZnS, 


MnS, 

fUt, 


MhIl 


CoS. 


At  the  umi)  lim«  Aluminum  auti  cbromium  «»  [micipitated  m  kf- 

dratea.     Tko  rAinuining  common  iii«tal«,  vii.  Ba,  Sr,  Ca,  Atp,  K,  aal 

Na,  forming  lulphidN  aolublu  in  water,  uro  not  pTocipit*l«d  bjr  J^ 

UQiIoi  auy  coDdiciooB.     Thus  UfS  serve*  to  diTiiIe  tbe  metAllic  Evii- 

Ctdti  iiito  groupa,  and  oii  lh«ee  ivlationa  the  ordinary  uvthods  of  qiial- 

iUtiTo  uiialj^ti  ard  btised.     It  will  be  borne  in  miitd   that  in  iben 

"givups"  am  Kini«UiQeM  brought  tognthnr  verjr  diseimilar  vkoMaiU, 

rand  the  gruupiiig  reata  simplj  on  accidental  siniilarittea  iti  th«  sob- 

llnlitj  or  inaolubility,  in  the  aame  liquids,  of  the  comaiwoding  ea» 

IlioundM  (sulphides)  of  the  dlSerent  elwienta. 

4.    Action  BN  reducing  agent. 

(if,CV,0,  +  «  ilCl  +  3  //,5  +  ila  = 

174.  Bydrto  Paraolpbld*.  ff^,  aoalogoua  to  J^O,,  can  be  ob- 
tained by  gradunlly  luldiag  iodic  bisulphide  to  bydroohloric  acid,  fl 
it  a  yellow,  oily  li(|uid,  and  vc'ry  unstable. 

\lb.  AUuUne  SulptildM  and  SoJpbohjdrate*.  —  Sotutioo*  it 
tbe  simple  snlpliides  and  Hulphobydiatn  are  butt  formed  aa  alwta 
Thaae  aotutiona  roadilr  dienlvo  sulphur,  aitd  vaiiooa  potaulpbtda  m 
thna  formed.  Tli«  following  six  sulphidca  of  putaaaiuui  an  knowa. 
h\S,  AT^.  £;^,  K^t,  K^,  and  A;^.  OtfaartnodM  of  pnpni^ 
fintikr  compounda  are  illuBtnt«d  by  the  follovriug  teoctioaa :  — 


iffiii 


K.-0,-SO,  +  i  fffft=  K^+  I  Bfi.  n»] 


16  S+  hK'OH=  3  K^S^  +  K^SO^  +  4  J^O. 


or 


)2  .V+  3  AVrt/00  =  2  ff^,+  A,i^O,+  SCO,. 


[WJ 
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Tbo  producU  of  tke  lut  two  reactiona  aro  not  consUDt,  but  varioiu 
pecaiilpludm  are  fonnix),  dopendiug  on  the  tuniiictature  and  the  coD- 
ditioiu  of  the  jnocMR.  Tho  rraultiii^  mixture  U  it  yiftlow  nuUtl  coilsd 
liver  of  >iU]>har.  When  tnat«d  with  ncida,  tlie  vuriuiu  atUphJdM  leact 
a«  (bUows :  — 

(K-irS  +  UCl  +  A^)  =  (KCt  +  Aq)  +  ays.        [139] 
(AV^'+  2  HCl+Aq)  ==  (2  ^(3+  iy)  +  iBfi.         [140] 

(jr^+  2  y/tv  +  jy)  =  (a  A'c'(  +  j?)  +  s,+iii^      [i4i] 

In  genoml, 

(K,S,  +  iffCl  +  Aq)  =  (2rCt  +  Ai)+S,.i  +  T!Xfl.        [142] 
Also, 
(2  JT^,  +  ir,^  0,  +  fi  ffC/  +  -i?)  = 

(6  JTCT  +  50,  +  if,0  +  Jy)  +  9  S  +  2  mfi.        [US] 

Solutions  of  the  AlkaliiM  sulphideti  or  aa]phflfaydiat«8  abaorb  oxjgvn 
,  tbo  air,  uul  aiv  thus  ohAn^tsd  uito  pcnul|tliide3  and  tliinMiiiIphitea. 

[  (8  y//,SH+  Aq)  f  ft  ®-©  = 

Sj  further  change  all  the  sulphur  is  eventuallf  oziilimd  or  deported. 

Sulphur  and  hjdric  sulphide  react  on  the  alkaline  eaidu  in  MuJjr 
da  sam%  wajrs  as  on  the  alkalies. 

C«0+/Ji5=C<i5+if,0.  [1«] 

CaSO.  +  4  HH=  CaS+  4  H,0.  [146] 

CaSO.-i-  tC=:CaS+iCO.  [1471 

2  CaS  +  W,-0,-/^  =  C<r^ff,  +  C<fOflI,.  [148] 

C<rO,/r,  +  -2H,S+Aq^  (CirS,-rL  +  2  /tO  +  Jy).  [149] 


phite 


By  boiling  sulphur  with  milk  of  lime,  a  mixture  of  nklc  tliionil- 

with  various  calcic  peraulpUidcs  is  obtained,  among  which  may 

diatinffuUhed  CaS^  and  CaS^     By  mttllinx  togoth«r  salphar  nnd 

io  hf'lntit  ot  carhoDa(«,  th^n  nwultti  a  naixtuiD  of  calcic  snlpliide 

calci«  trulphnto.     If  pulvcrixMl  chaivoa)  i»  al«o  addml,  lh«  prodnet 

1  chi«Ar  caldc  flulphido,  u  in  "  black-ball "  (|  144). 

The  Kaidue  IWm  tbo  lixivtation  of  blaok-bull,  consiiititig  htrgdy  of 
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olcie  Bolphldc,  wticui  uxpoMd  to  *ii  and  mnisUue)  oudergDM  niiililfcii 
■imtlar  to  [l'l4],niul  v>ii  tliix  lus  bocii  bttiMxl  a  prooeott  for  ruoomiif  thi 
sulphur  consniunl  in  the  nlkiM  manufBctTirc     Conipara  f  178. 

176.   Conponad*  of  Sulpluu  ud  OzTfttn-  ^I'be  loUowing  ut 
known:  — 


Bf  poaolpliumus  Oxid« 
Iljrpoanlpliurous  ^eid 
SulphoToiu  Oxide 
Sulphurous  Acid 
Thiotulphuroiu  Add 
Sulphnrk  Osid« 
Sulpburic  Acid 
Kwdhauaeu  Acid 
Dithionic  Acid 
Trittiiunic  Acid 
Tctrnlhiouic  Add 
P«ntBthiomc  Acid 


SO, 


//.■o,so, 

177.  Soipbnroua  Oxldo.  SO,  —  C<>lori!«  giw,  hariog  •  bm^K 
toJIoeating  odor,  it  is  cMily  ootidonsed  to  ft  cotwleaa  liquid,  hnSmg 
at  —10°  uDiI  (txedag  at  —76°  ;  Sp.  <&l.  =  1-49.  Natuml  prarfadt^C 
Tolcanic  action,  ud  abuiidAuUy  evolved  duiiog  tlui  roostiag  of  eoffa 
pjrtitw  and  other  sulpbuious  oraa.  Ha.j  lie  pivpanxl  bj  aiUiiBr  at  tb 
ibUowiag  Kactiona:-^ 

2tf^o,  +  (?  =  2B©,+®©,+2a];®. 

ISxj  \»  docompoaed  by  the  rmctiuna 

3  'SO,  +  4  B-n  =  4 II JO  +  »S 
■SO,  +  S  ff-J/ =  2  K,0  +  iA^ 

The  fint  rooction  is  oblainod  hj  pming  a  mixture  of  the  tn  pai 
tbtoagh  a  rod-hot  tube ;  the  smoiuI,  hy  adding  to  thu  MlirtiaB  a» 
tainiof;  50,  a  anwU  amount  of  hydrochloric  acid  with  a  Taw  ptootrf 
ziac  The  H^S  niay  be  detected  by  a  atrip  of  paper  moictOMd  wAfc  i 
•olulion  of  aci-tiit(>  of  luad,  tutil  the  Koclion  giT«a  iu  the  tnnu  vt  d» 
vovitrijiLg  tmall  (ituotitica  of  SO^ 
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SolphuToua  anliydriile  is  a  powerful  mducing  ^cnt,    Tbna 
atllO,  +  !iSO,  +  i  ff,0  +  Aq)  =  (/-/  +  5  If^SO^  +  Aq).      [156) 

(AtJ^,  +  2S0,  +  'iB/>^  Aq)  =  (A$fi^  +  2  H^O,  +  A-,).  [137] 

(50,+  /-/  +  2  fffi+Aq)  =  (M,SO^  +  2  tf/+  Jq).  [158] 

(2SO,+  iJl,0  +  Aq)+>&^  =  {2H^^  +  Aq).  [159] 

PbO,  +  S©,  =  PbSO, .  [1 60] 

b  aUo  a  powerful  (tuinfccting  and  uitiaeptic  ORent,  oiu)  b  Dmcli 
fnr  reUixliug  fenuuDlalion  and  putre&tctjou.      It  alto  bloeboa 
lO  of  tlio  more  fugitive  colon,  but  the  effect  u  frequently  tnuisi«nt, 
the  rmction  nul  vrell  uadentood. 

78.  SMipbito".  —  jVt  0°  water  abwrbe  6^8  times  ita  bulk  of  SO^, 

three  crysbUIiiiu  hyilnttrui  hnve  Wit  described,  one  of  wlijelt  baa 

c«mpotiilion  SOf.J/fO,  and  baa  been  ngaided  u  sulpburoua  odd, 

t  thin  uplitiun  majr  be  qu«stiuned.     TIm  a4iiooiu  aolutign  acta  in  all 

pbj-sical  relations  like  the  simple  aalution  of  »  gu.     Xrrcrtbi'InRi, 

its  chi^mical  tvlutions  it  acta  like  an  Mid,  and  yinldt,  with  manj  of 

HMtallic  oxides,  l)jilnit««,  or  carhonatet,  a  nnmerous  class  of  aalta 

led  tlie  KulptiiUa.     He  rolloiring  eiftuplee  will   illustrato  th«ir 

ral  compoutioD :  — 

HytlrMDdic  Sulphit*  B,2fa-0,'S0 .  4  Hfi 

Disodic  Sulphite  A'a,-0.'50  .  7  //,0 

Calcic  Sulphite  Cm'  0^-SO 

The  aniphites  ate  gcnnnlly  beat  prepared  by  tranunilting  a  sttvara 
SO,  throiiRli  watQi  in  which  the  raolallio  oxide,  liydnili.',  i>r  ciiilmn- 
i*  (nxpcndt^t.     The  alkaline  «alta  are  the  only  HuljibitM  which  an 
y  soluble  in  water.     The  sulphitoe  of  barinm,  stmiitiuni,  and  col- 
dissolve  to  some  ostnnt  in  water  cbaiged  with  SO^  nnd  in  this 
t  the  sulphites  roscmblo  the  oarbon4t«a.     Argentic  sulphite, 
hieh  may  be  rmdily  obtMoed  by  procipitotion,  undergoes  a  rcmatk- 
rncUon  when  boiled  with  water. 

Ai},-0,-SO+(If,0+Aq)=Aff-Aff+{fr^OfSO,+  Ag).     [161] 

1 78*.  Thloanlpliltea.  —  Thiosulphurous  acid  has  t»Ter  been  isi> 
ted;  but  several  thioculphltu  may  bo  obtained  by  passing  a  stmani 

SO,  thittugh  solutions  of  tlie  coireapondiog  solpUdeav  or  by  digcst- 
,g  a  solutiuH  of  tlie  sulphite  on  powdered  aulphnr. 

S+(Xa,-0,-SO  +  Aq)  =  (.Va,-0,-(S-O5)  +  J?).      [162J 
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Caick  Uuotulpbito  is  formed  spontanooqslj  io  lai^  quauUtiM,  tn 
in  tiiA  refuse  lime  Ukea  {io\a  tlie  puriliore  of  Uio  gn»-works,  sod  ui  Ik  | 
nftue  af^T  itio  lixiviatiou  of  th^  blxck-boU  at  the  alknli  wodu,  ai  I 
tnaa  tliin  soiircu  iodic  llii<i»ulj}liil«  m  now  o1>taii)od.      It  ia  Un  mI;  i 
thioanlpliito  of  pnKtioU  raluc,  oud  i»  not  ertly  uaud  in  pliokigH|4Q,  | 
but  also  for  remoring  tbu  laet  tncc*  ot  cUuriiw  from  Um 
pulp  tucd  in  ymper-makia^t,  and  ia  tba  trcftttMot  of  oilvrr  ont, 
<"  179.   B]rpo«ti]pliiiroua  Acid. — Tbo  thiiMutphit«8  wore  fomsiji 
nnwd  hjpoeiilphit«e,  and  are  still  so  called  both  in  oommeraa  a^  ■  I 
thft  niU.    But  acuutdiitK  to  tlie  rul«a  for  chemicul  DOOMndatan  « I 
liavu  piopoMd  ({  52),  tbft  term  lif  poaulphuKKU  acid  appropriatdj  W 
longs  to  ilia  ortho'ocid,  ff,'0,'S,  in  wliich  jnilphur  U  bivmlcnt.     Ihi 
acid  is  obtained  hj  th«  action  of  ni«taUio  xinc  or  itoQ  oo  tnlpliatol 
acid  ID  a  closed  reaaeL    Tbo  hydrogen  evolved  bj  tbs  ■ctino  «i  tb  ] 
m«tal  on  the  acid  d«teniiin«4  with  aootiier  portion  of  ihe  ralphs 
acid  ttie  fuUowiog  reaction  : 

Jf^SO,  +  A5  =  a,0^+ 1£,0.  f t«l ; 

A  deep  yelluv-colurcd  Hiiuld  ii  ttiat  obtaiitcd.  poesessing  pnniM 
nnlucinif  pTn|)c;rticj>.  It  bli--Acl)C«  organic  oolors  more  qniddj  tlB 
■iilj>liurous  acid,  and  pi«cipil3t«a  silver  and  inercttry  ligm  aulutUM^  I 

tlioic  salts. 

Acid  vodic  hyjiutulpliite  is  prcgmrcd  by  tbe  action  of  anc  oa  add  tJk 
aalphitn. 

The  products  are  Kvpomted  by  cryetalliaition.  Acid  aodie  bTpaA 
philA  forms  colorlow  crystals,  which,  wii«D  moiat,  absorb  oxyga  tm 
the  air  rapidly,  and  chanse  into  sodic  <ulphil«,  A  anlatioo  uf  tb*  at 
ia  now  imicli  u.-ksI  by  tbu  dyer  and  calico-printer  for  i«dacinx  tti^if 

180.  Bnlplituio  Oxlda.  -$0^  —  Soft.  wkU«),  ailky-lookiiiganM^ 
line  sotiil,  mcUing  at  25",  and  vohtiliciiig  at  Sa".  May  b*  bUaisi^ 
eitber  by  diKtillittioo  bi>m  tbe  Nordbaaatui  acid,  or  IVom  sodir  Ja 
fbatt,  or  «1m  by  paaainf;  a  mixture  of  SO^  and  0>  O  tlirough  ■  ^M 
tube  filled  with  platinum  sponge. 

JfyOi{SO,-0-SO^  =  H,'0/SO,  +  Ot),.  [\m 
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'  It  juates  vrith  nnnj  matalBo  oxidoa  to  fona  mdphatM,  ud  }swyU 
I      buma  in  iU  vapor. 
K  BaO  +  S®,  =  BkO.SO,.  ^M] 

^pt  luu  an  intense  atEnity  for  water,  and  tlie  beat  developed  by  the 
~  onion  i«  NO  gnutt  thut  llie  eolul  liisKCH  liku  rnl-hol  iruu  wLuti  dmppctl 
into  the  liquid.     Tht:  product  is  common  nulplitirii:  acid. 

181.  SolphcuyUc   Cbioride.     SOfil,  —  Maj  bo  fomwd  by  tb» 
vaaa  of  SO^  and  Cl-Ci  under  t^  iuSaeoM  of  the  so&ligbt ; 

'taj'ttenution 

Z?,S(?,+  2/W/,=  SO,C7,  +  2/*C/,0+  2/rCT.  [169] 

I  pioduct  is  a  liquid  boiling  at  SO" ;  Sp.  Gr.  1.64.    Slowly  docom- 
by  water. 

8<KCit  +  2  ^,0  =  ir,SO^  +  2  iK7t  [170] 

p  Tk«e  have  also  been  described  the  allied  oompounda  IT-0-SO,-Cl 
SOjUrf     Th«  TcJntiunK  of  tlii^o  cmiijiouiidii  to  Kulphuhc  ucid  will 
>  mado  more  ovidoot  by  writing  tho  Hymbob  thu9 :  — 

BofSOt,         ffo.Cl'SOt,         Clf'SO,,         Br^'SOt. 

182.  Sulpbnrtc  Acid.     IfyO,'$0,  or  S^SOf  —  Tbe)  fallowing 
I  are  inU'icaling  as  illuatraling  the  constitution  of  thia  impor- 

.  oltboujjli  of  DO  practicul  valiie  u  muUiodii  of  inal>iji^  it:— 

Jh-Ho+  SOt=  B>i^O,.  [171] 

n,0-k-S0,=  H^O.S0,,  [172J 

22^*0,*50+  0-0=  2Hi^OfS0t.  [17S] 

*5+  4  tf  O-.VO,  =  2  tf,-(5,'50,+  4  KO.  [174] 

For  the  uses  of  tbe  arte  the  acid  ia  made  in  enonnom  qanntitira  by 
tming  Bulplmr,  or,  more  commonly,  iron  pyrites  in  suitable  ovena  or 

kilns,  Mid  conveying  the  SO^  tlius  fonm-d,  tof>ether  with  steam  and 
atfic  acid  fumet,  gunciatcd  tiniullaiieotuly,  into  large  cbuabon  lined 
rith  sheet  lead. 


50,  +  2  JWO,  =  ff^SO,  +  fi  yOt. 

3ifOt+H/>=2  iryo, + NO, 
iNO+o-o  =  iJfO,. 


[175] 
[17«] 
[177] 
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TbMe  teacttoDK  iha}'  bo  rq)i»t«d  iodofiiutclj^  and  it  i»  btuWiI  tbi 
tbo  aune  quuitit)*  of  nitric  acid  woald  Mrv«  to  convert  aa  iaAtbet^ 
amount  of  SO^  into  Jf,SO^,  vere  it  not  for  the  Iom  ocoMiooed  )>j  ' 
(Olistant  itnft  of  lui'  Ibruugli  tlw  cbambon.  Tlio  reoctloD  ecni-. 
fciEKnt)Ally in  a  Imniferof  ux^til^ii  from  tlio  sir  to  tiles' Oi,  IIm  wtnea 
oompounils  Acting  as  tbo  mediator,  ui<l  tbo  draft  jicld«  Um  reqank 
aiipplj  of  oxygeu  gaa.  Whfrii  tbo  amount  of  nqit«t>Ufl  vapor  i*  iamA 
rieot,  tb«v  forms  in  tbe  chambers  a  white  cryatoUinB  oompoanJ  rf 
mnwwbnt  nnccvtain  compoatlon,  but  to  wiiich  Iim  Iimii  oMnjro"]  ^ 
aymbol  (iVO,V(SO,- O-^Ot}.  Wbi-a  mixraj  witli  wnt^r.  thii  i>.w- 
pound  1>real(s  up  liilo  snliihnric  acid  and  nitioas  aiibjdrid«,  h  ttti 
tbe  formation  of  the  acid  mny  alw  be  represented  by  tb«  fbUoviif 
equation*,  wbich  am  thought  by  aome  chemisU  to  reptoHtnt  Um  p» 
oeaa  mora  accurately  ttiun  Ihose  given  above  :— 

I,  S0t+  2  iioyo, = Uo^sOt^-i  NO,.  pn] 

8.  •ffO,+  450,+  00=HyO,),'(SO,OSO^         [171] 

J.         (ifOMso^o-so,)  +  2  ^0  =  2  ff^j?o,  +  a;o,.    p"] 

4.  3  A-,0,  +  //,0=  2  Ifo.VOt+  i2fO.  pal] 

J.  siiro+o-OsS^-Oi.  p«] 

Tlio  acid  drawn  ^m  tlio  cbamlKn  u  very  dilutn,  aitd  for  ntod  ^ 

must  1»  conccntmtoi  by  orapomtion.  wbicli  m  lii^giin  in  Icadoi  |ae^ 

but  compli-ted  in  n?tort«  of  gloM  or  jilntinum.    Tlio  siroi>gei>t  v>\  ^ 

obtoined  corr>>s|H)nda  to  tbe  eymbol  HSO,.     U  U  an  oily  li<iiuJ  (dl 

of  vitriiJ).  ■§>.  Or.  =  1.842,  boiling  at  327".  and  crjit^dUring  mt  » W 

toni  petal  are-     If  during  tbe  6Ta[>ontion  the  tem[)or;Uan)  is  lituital 

to  SOU",  an  acid  ia  obtainwl  of  the  oompoaitioii  V^SO, ,  Hfi,  sU 

Sfi.  Gr.  I."fi.  which  m-stalliwe  at  9',  and  by  liniitinj;  tJi*  t.-tnpr»tDi 

In  100".  rfill  u  second  delinjU  hrdrate  may  bo  obbunnil,  JI^SO, .  i  Bfi, 

wbiob  has  Sp.  Or.  =  \M.    Oil  of  ritriol  tony  ha  mixed  triib  vifer 

lu  nny  pT<:>poTtIoD,  and  the  hydmtioD  of  the  acid  ia  aoconpaidid  If* 

o(»n<len*nti(>i)  "f  volume  Bn<l  a  (;T««t  rvolution  of  heat,  the  ncxtiVB 

t4  eundenMtion  and  the  tnaxtmnm  of  bmt  bning  attained  wben  tb 

viptirtion*  are  Buch  as  to  form  the  wcoud  hydratw,     A  defitdte^ft- 

-iKjvinda  to  weh  de^rao  of  dilution,  and  tables  hsn  bmi 

•birli,  when  the  specific  grarity  is  known.  th«  atmii^  oT  lbs 

Im>  ilficmiiiMd.     Tbe  sliort  table  which  followa  gire*  aJl  tbe 

\tr<X  for  lb«  problouia  ia  tJiia  book. 
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IWOmlsf 

Sfi.  Or. 

IWCnt  ct 

Sp.  Gr. 
UU>. 

JOO 

so 

l.MSd 
l.SSTS 

i.sa^o 

Sl.fiS 

7r.as 

73.  «7 

50 
15 
(0 

i.sseo 

1.8G10 
1.3000 

40.81 
80.7} 
SS.«G 

«0 

i.rsBo 

1.78(0 

os.afl 

05.30 

3G 
30 

1.20*0 
1.SSW 

28.G7 
34. 4> 

7S 

1.(7  Ml 

<1.!I 

SG 

l.ISSO 

SOtM 

70 

l.«lbU 

G7.U 

20 

1.1440 

16.32 

SE 
SO 

1.SG70 

l.GOlO 

G3.0S 

(3.03 

le 

10 

1.1000 

1.0080 

l'J.24 

aid 

ss 

1.1190 

II.  S9 

5 

1.03S0 

4.  OS 

Tn  Gonsequenco  chicHy  of  JU  strung  attniclion  for  water,  sulphnrie 
disoi^nuca  and  blackens  both  nnironl  aoil  r«g«t«bk  tiasites.  It 
is  also  used  as  a  hygroscopic  agent,  and,  luidcr  limited  conditiona,  for 

'  dchydiatiOQ  of  v»iou>  cheniica]  compounds.  It^  action  on  <liS'er«iit 
liHuical  agents  tuu  bocn  already  repeatudly  illustralcd.  Si-e  [G4, 
ISl,  and  2G6].  Il  forms  Hovcnd  clossus  of  anlla.  u  m  tUiutnit«d  1^ 
die  follDwiiig  examples :  — 


Mydro-sodic  SulplAtc^ 
Disodic  Sulpbate^ 
Disodic  Disulphat^, 
Cupric  Siit[ihal<.\ 
Fenou*  Sulphittfi, 
Potatutio-furruuK  DlnaJptiiitc, 
Aluiuiiiic  Sulpbato, 
Cotiinion  Ahim, 
Zincic  tjulpkttc, 
Duancdc  Sul|>bat<^ 
Tridndi:  SidpLuto, 


/fo.(.VrtO)"50, 
(XaO)^SO,tta<l  witb  10.^0 
(A'aO),iSO^O'SO^ 
CuO,-SO, .  ^  ff^O 
frOj'SO,.  1H,0 
FiOtiSO-Ot-SOj-iKO),  .6/^0 


Die  h.it  inay  be  lei^nrded  u  ui  orthoiiutphnto,  bat  Bftlt*  of  thU  daM 

■m  wholly  rxciRpliniiul. 

The  ninntifnctun)  of  eulpbnric  «id  is  odd  of  the  most  iniportant 

'Iminchn  of  industry  in  a  civiliztd  community,  as  there  is  hnTdly  an 

art  or  a  1bw!«  into  which,  in  some  form  or  other,  it  does  not  entor. 

183.   HoTdlunweo  Snlpburio  Aoid,  I/n^{SOfO-SOt).  cormipoad- 

011  to  the  diHu!plinti!a  in  coiuli  lilt  ion,  Biftj  In  prt!iumd  hr  dinolvinK 

JOf  iu  J/,SO,,  and  hut  bwD  mwiubctuml  fur  many  ytars  at  the 
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Oentun  tovn  wticnf  a  It  tiik«*  lb  nuat,  'bjr  the  dutiDstioa  of  fensu 
•ulphaU.  It  toay  nltncwt  bo  icgBnled  u  n  *olntion  of  50,  in  B^^ 
•od  til*  unial  product  codUim  a  vorjr  vBrinblo  proportion  of  tba  aakjr- 
diido;  in  fact,  a  product  coimstuig  cfaiofly  of  <$<^  ia  now  An  iLTtkltrf 

184.  SnlphuTOtw  CbloTide.  SjCff — A  yellow,  rolatiU,  tiautf 
liiiuiil,  fotuiufi  by  ilislilliii^  suljiliur  in  an  atmoephuro  of  cbloriM  fft. 
It  u  u  ptworful  .iiUpbur  .lolvGDt,  nod  hu  hixit  iwed  for  THlcsaiibf 
indU-rabbcr.  It  U  ducom;in«.-d  bjr  wntor,  bat  inix(«  with  beniol  ml 
carbonic  disulphide.  8aipburic  chloride,  SCI,,  «ixl  sermsl  oxjraUv- 
ridee  of  mlphur  are  also  knovn. 

185.  BELEirnnM.  St^'SA,  and  TELLVRITnc  TtssU^  — 
Two  TOT}'  r.tn.-  (.-k-tuvabt,  cluMly  ullieil  to  nuipimr,  but  preModng  aaA 
diffoMaow  M  night  be  aiitici])uU>d  in  olamoul*  of  tha  some  i  timitut 
avMa,  They  form  compound*  with  hydrogira,  SfSe  and  ^Tt,  analfr 
goiu  to  MtS,  and  compouiHU  irith  oxygui  and  fajdiugan  mwimMat 
sulphurous  and  sulphuric  acids. 

Seleiuuni,  wludi  follows  in  tbo  aeriea  naxt  to  sulphur,  mnnifrali  th 
nlatioiMhip  in  lutuiy  irav.-i.  Tliu  olementair  mibntoncv,  which  la  te 
ordinary  condition  is  a  brittle  »nlti),  bnving  a  giaaay  fhwTtnn  and  a 
dark  brown  color,  ^.  Gr.  4.3,  may  be  obtained  in  aevvtxl  aQotn^ 
stalwt,  and  In  one  of  tbeae,  whon  its  Sp.  Gr.  =  4.8,  H  has  thn  ^im 
moDuclinic  furin  niid  moUicular  ndoian  ax  thn  carmponding  eonditiaa 
of  sulphur.  It  readily  molts  nt  a  raiTitig  tompsnitiUQ  nbovs  KXT, 
depending  on  ito  condition,  and  at  700°  is  converted  into  a  diqi 
y«'llow  vapor,  which  has  bwo  observed  to  bavcv  at  a  high  t«ni|Hnlat^ 
8p.  (^r.  =  83.  It  bams  in  th«  air  with  a  blue  Auno,  forming  oliidlj 
&0t,  and  emit*  an  olEeosiva  odor  nssembhng  putrid  boncndML 
Hydric  selenido,  also,  is  a  gsa  wHh  «  dugusling  amall,  wbidi,  lils 
f/fS,  precipitatas  many  of  th«  netab  Ikom  soluiiuns  of  their  salts  m 
sdenidts.  Selenio  acid  is  a  thick  oily  liquid  like  sulphurJo  acid,  ami 
many  of  tlio  sckuates  cannot  be  distin;;uished  by  me^Kly^  exloi^ 
ebaiactent  from  lbi>  corrwiionding  sulpbutiM.  Solvniuin.  monurw,  ii 
almost  iumriably  f»und  in  natun  astoclated  with  sulphur,  and  » 
•ztnctMl  Grom  the  residuos  resulting  from  the  tieatotuat  of  sBlpkar 
orea.  These  are,  however,  a  lew  lare  minerals,  which  connat  nuinlj 
of  m«tallio  lelciiidnt.  Among  tlio  most  impottont  of  those  taar  bs 
named  Clausthalitv,  FbSe,  BcacUoiiite,  CuJSr,  HaoaiaauiUi,  AjfgSt,  laj 
Ouofrite^  I/gSL  , 
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Wh«n  wo  dcMcnrl  in  the  sorie*  to  Ti-lluriam,  wo  fin<I  men  BtnlMll 
differences.  Tho  olcracntArj  aiibctanco  hif  n  Hlvcr-u-tdto  ookir,  • 
tiri^lil  metallic  lustre,  and  outwardly  roMtnbl^'A  e.  m«tal.  It  is  doseljr 
uIUlhI  ill  luauy  of  ita  phjrncal  properties  to  bismuth.  It  cryttMioM  in 
Thumbdliedroiia,  and  tlio  mineral  Tetradyiiute  lua  been  rexaidcd  m  an 
isotnovphoufi  niixtuiv  of  iiativo  tdluiiiim  witJi  nsttivii  litstnutli.  lU 
Sp.  Or.  =  6.3,  and  ibt  atomic  valumo  ia  vorj  uucb  nmnr  that  of  bia- 
mutb  and  aDtimuuy  tliao  that  of  atrlrniuiu  and  sulpfanr.  K6T«rtb«1«H, 
lo  other  lelatMoa  it  is  closely  allied  1«  soleniuai.  It  is  baid  and 
briule,  a  poor  conductor  of  heat  and  electricity.  It  ftuoi  between 
42y  and  4  75°,  cuul  at  a  higb  tempetuture  yi«lds  n  yellow  vapor,  whicli 
bM  a  epocitic  gninty  eomupoudintf  to  llie  DiolncuUr  fbrmubt  TcTV. 
When  htatetl  in  the  air,  it  bitm«  with  a  givsnish  bin*  flam*,  and  ia 
converted  into  teLlurous  anhydride,  TtO,.  Lastly,  hydric  teUurida 
TOMublw  cloeely  hydric  selbnide,  and  the  wlla  of  telliuous  and  teU»- 
ri«  ncids  nra  aiinikr  tu  the  ccntspondiiiK  uleoites  and  adenatet ;  but 
toUuric  acid  decs  not,  like  selenle  acid,  form  suit*  aoResponding  to  tlia 
alums,  and  its  salts  aro  less  stable.  Tvlliirium  is  the  chief  coDxtituent 
of  a  few  native  compounds,  which  are  highly  prized  as  minerals,  hv- 
■adccTHmilymit*!,  Bi^Te^,  we  have  Ueasite,  A^Te.  Sylvanite,  A^AuTt^, 
Altwte.  7%7'r.  and  Xnfiya^iite,  which  ia  a  sulphoteJluride  of  lead  and 
gold  of  somewhat  unt^ertnin  conipeaition.  Th«  clementa  of  this  group 
form  tlien,  evidently,  a  very  well  marked  nriee,  in  which,  as  in  the 
chlorine  aeries,  tlie  chemical  energy  diminialwe  as  the  atomic  weight 
incRDsos. 
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166.  HOLTBDENTTM.  J/o  =  9«. — Ono  of  th«  nmr 
but  not  uuftvgui-iitly  luct  witli  iu  Ih*  miaenU  kintfdntn,  nwailj  tt 
combinaLion  wiib  ati]i>hur,  foming  (he  miDorul  Molybdenite,  JU(. 
which  *o  r.lmely  rcwmbk*  fi>lial«l  f^npbit*  tlnl  ibe  twu  taiglii  oHlf 
be  viatakeD  for  nech  othrr  Krom  tliU  miuml  *v  readily  ubtatl  Uf 
KMuting',  at  «  low  t«d  hMt  in  n  ctim^nt  vt  air,  niulybdic  MihjMdi^ 
M»Of,  wbich  is  tbe  most  cliRnctarittic  nontpoaml  of  th*  aloMat 
WlicM  pure,  tbl^  nuKvilride  is  a  pale  buff-AoloiwiI  powd«r.  fiinng  ta  t 
itmrnilflml  jfloM  at  a  nitt  bt«t,  aikd  volatilizing  at  a  higher  to 
pcratim.  It  ia  only  uparingly  aciluble  in  water,  but  madily  ii^ 
solves  iu  ordinary  acid*,  in  aqna  anmunia.  ood  in  mlutiiim  vt  tta 
alkaliii«  liyJrates  or  cnrboiMtea,  and  fomu  witit  roMttlKo  oxidaa  a  b^ 
AMiOUB  daas  of  aalia  called  ntol,vN.laU«.  I'liinibir.  molylMlal*  {Wd- 
fenilo),  J^OfUoOf,  ia  aometiraes  round  in  heaatiful  yellow  or  wi 
cryaUts  aaaodatcd  witli  other  lead  ores,  and  aniDonic  niiJyhfalk 
{yfft)i'0,:tfoOj,  in  amth  antA  in  t)i«  luboritory  na  ■  tn^t  for  ]ih» 
pbori«  add.  Ite8i<l«t  AhO^,  the  domi-nl  oIm  forma  cjompuunda  ailt 
ODo  and  with  two  atoms  of  oxyigon,  MnO  aiMl  Jf«^,  whiafc  art  ■ 
txuic  auhydriilM ;  and  there  ia  aim  au  inlrrmodiabe  oxide,  M*fie 
In  aoliitianit  of  mulylKJio  acU  or  of  mulybdatea.  whan  neidifii^l  «tt 
hydrochlonc  acid,  IltS  givua  a  browniili-blick  pn)cipitat«  of  ih^> 
and  th«re  is  Mill  a  third  mitp1ii(l«,  ilaS,,  whidt,  oa  woll  as  tUliC 
acta  aa  a  6<ilphur  acid.  Thei«  aro  four  eldoridaa,  MnVI^.  Jfo/V 
J/oC/„  UoCl^.  The  elemonUry  mbrtaiioo  is  a  briUlo  silnvMri* 
nMtal  (^.  Gr.  =  8.6X  which  ia  unttenhle  in  tbe  air,  oixl  wy  » 
fiisiblp.  Ii  can  bu  obtained  without  diiBooIty  by  redncing  thn  oxiiii 
with  chateoa]  or  hydruf^n,  but  unlns  tha  tMnju-rattiro  is  Tnfy  lii^ 
tbe  metal  U  l«ft  as  a  grey  powd«r.  The  name  is  froiu  the  Gnak.  *■! 
■ignifiea  "a  tnaM  of  load." 

Molybdeunin  ia  maarkabla  for  Ibc  gnat  number,  as  wall  at  t* 
thn  gnat  ci>m]>1exity,  of  tta  oonigioiiniU.  Duty  npparvutly  mdi^i 
that  the  flrmant  ntay  hafu  aavenl  dcftiaea  of  quantiTalaDca,  Islib  iM 
M»d  even  (i  W).  bnt  tbo  inv««tigatioD  of  the  tnolRCular  alrai»aia  rf 
Ibese  bodiw  preaenU  gt«at  difficnltlM,  and  lui  enftain  cnodHii** 
this  auhjcd  can  yet  be  drawn.    like  aamo  r«iiuuks  apply  to  tbe  i^a^ 
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allied  dcnMot  ton^ten,  AaA  it  b  not  pMidUe  to  ^n  aa  ailpcitmUi  idea 
of  th«  ootuptvx  reklimu  of  ilicxc  i-'lumrntgt  in  a  few  word*. 

'Wlwn  MiA  eotutioDS  of  tti«  molybdutct  nro  acted  oa  by  reducing 
agents,  as,  for  example,  by  SnClt.  cartaiii  blue  or  green  producU  nuiill, 
»nd  ihi-  uixiiiujianyiiig  change  of  color  aervM  as  a  r«ry  ■Lriluiig  leal 
for  nmlybiiiriitim. 

187.  TTFNOSTZIH.    W=  184.  — Hiis  demeiit  occun  in  tolerably 
l*rge  quaiititico   imiitiinvd  wjtl)  «Llciuiu   in  the  mineral  Scli«elite^ 
WOf,  uiiii   witit  botli   iron  an«l  maDganeAa  in  Wolfram,  of  wbich 
are  two  vaiiBtJue,  2  f'tWO,  +  3  J/nH'O,  and  ifeirO^  +  Mn  WO^. 
miiieniU  are  deooHtpo«ed  by  auiik,  and  by  this  nuann  vc  nadily 
>bbiiu  liiiiXKti<:  oxidis  IKO,,  a  ydlour  powder  itutolublo  in  water  and 
id*,  but   iviulily  diwolving  in  naimouia  uad  aolutiotis  of  alkaline 
drates,  and,  when   lioat^M)  with   solutiens  of  alkaline  carbaDat««, 
ipoaiug  ttut  B^ta  with  eiEerveeuence^     From  a  boiling  alkaline 
lotion  of  luiiKolii:  oxide  Lb»  eomuon  acida  Dirow  down  a  yellow 
.pibit«  or  turigiititt  airid,  I/fWO,.     Tliiit  add  furiua  vritk  bnans  a 
raiM  oUm  of  *ult4  outlod  tiiii^latM,  which,  altbottgh  of  little 
ical  importMieo,  are  thfioroliradly  rory  intn<c«ling,  and  have  been 
Ute  object  of  careful  inreadgatioii.    There  are  aevcra)  (at  leaxt  two) 
itiiict   t}'}ivii  of  Uwoe  aalto^  and  tliere  are  alxfi  two  modi6cations 
Uutgrtie  acid;  for,  bcndca  tbo  ordinary  insoliible  condition,  both 
lolybdic  and  tungstic  actda  have  been  obtained  in  a  colloidal  eoo> 
!ition.  in  wbich  they  aterery  wluble  in  water  ($61).    Tlie  tai^pttat** 
lavfl  Ibe  *ame  eryetalliua  tona  na  the  eunutp»tiding  molybdnU*,  and  a 
ianK»Uit«  of  lead,  iaonioriiliouii  willi  Wulfi-jiib-,  in  a  wctt-kiiowR  min- 
eral oallrd  Scbi^^Itinc     B(-*idi»  B'Oj,  tlwtn>  in  an  nxvW,  H'O,,  nhi<:h 
alao  acta  aa  an  ncid  anhydlido,  and  there  is  aUo  nn  int«Ttn«liato  oxide 
of  a  splendid  blue  color,  wbicti  may  be  produced  by  the  atlion  of  nt- 
ducing  agvnta  on  Iho  anhydnde  or  on  the  aoluble  tungatatiM.    Tung- 
sten it  not,  like  nioljbdeHum.  )>nictpilat«l  by  ffjS.  btit  Iho  Hilpbid**, 
WSf,  has  bMtD  pTC|ian»d  artiKcially,  anil  nwcmbli^  rnry  cloe«ly  the 
oaliTo  molybdenilo.    Them  is  also  a  Kulphide,  WS^,  and  there  are 
four  chlorides,  WClf,  H'C/,.  B'CT,,  and  W'CT,.  the  hiat  two  of  which 
^^te  volatile.    Tlie  metal  tlaclf  (Sp.  Gr.  19.S)  ■«  eaaily  reduoed,  but,  in 
^^Doanquenee  of  its  great  infusibility,  cannot  bn  obtained  in  n  compact 
^Blate  except  at  a  vttrj-  high  Lempenturv.     It   has  an  iron-gray  color, 
^ChkI,  when  alloyed  with  stcid  to  th«  extent  of  eight  or  len  per  cent,  rcn- 
den  the  utetal  exceedingly  hatd.    'Hie  compounds  neither  of  tungUen 
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Mr  of  molrbdobaiD  fasvo  finnd  mj  importniit  appliestioiN  ia  Ifaa  j 
altboogh  nxlic  tnRg«tat«  has  bMD  used,  mixed  with  starcb,  in 
ombncs,  heoiuse  it  hu  bMn  finind  to  reaiet  these  liKtit  hhria  tm' 
inOaniinabla.  The  namie  Toiif^u  hod  a  Swedixb  origin,  and  ngnhi  ' 
in  the  original "  hearj  atons." 


(HJESnOSS  AND  PBOBLEMS. 

1.  What  i«  tho  per  cent  of  milphur  in  Oj-pama  and  Iron  PjritM  t 

AniL  18.0por  cent  nod  S3.33|iariaL 

&  Write  tbo  BrmboU  of  tlu  diflmnt  cUmm  of  sulphtdcs- 

X  Kxprnu  hj  graphic  ajmiboU  lh«  oonititution  of  the  rarioaa  ntjki 
ndioak. 

4.  ^V}lut  arc  the  atomic  roluiuM  of  tlw  tvo  ci7irtanin«  vArivtiei  of  <ri- 
phurl  Ans.  IS.OOatuIIUl 

5.  liy  heating  10.000  gnRnm«s  of  ailver  in  the  vapor  of  >o)pbar,  DaMi 
obtajned  l).48in  gmBmuaafaTgiititioaMlphiilei  What  b  tho ■l4iiitic  ni^ 
of  Hulphur}  What  ajaumpliou  U  uuidu  in  your  colcuLuion,  and  «kA 
ground  hnvu  you  fur  this  oiBiuiiiiUon  t  Au.  33,0)1 

6.  WiMt  it  tba  aptvciflc  gravity  of  H^S  gu  nCcmd  to  bjrdrogen  md  H 
aiil  Abs.  it  and  urn 

7.  What  w^1itcf*u]|ihurisocint^ii«diDODeBtrcori7^t 

An*.  1.434  gnuW 

&  How  much  nittitnotiiuiu  sulphide  ii  required  (or  the  prc|>*ratia>  of  ^ 
liln  of  hjdiic  Kiilphidc  t    How  much  to  prepare  340  gmmma  I 

Ai>a.  5.076  gnnunca,  1133.33  gramiM 

0.  What  volume  of  oxy^m  gat  ia  roiuirtd  to  bum  ona  Utn  o(  ^Si  mi 
■thai  are  ibe  volumea  of  the  acrifonn  product*  1 
An*.  1^  liUMOf  ovfgan  ffa,  one  litnt  of  aquuoa  vapor,  aad  oaaef  iit- 
phuioiu  oxid* 

IOl  One  litre  of  (ff^+  Af)  HtUT«t«d  at  »°  will  abior1>  whatrtdoaarf 
ox^'gea  gai^  and  vUl  jriM  what  wMglit  of  Mi)phnr  t 

Am.  9.1»  litraa.  aJO||iMa 

II.  AaMmlng  tfant  a  solution  of  iodine  in  a  nJuiion  of  potai^  iatt 
haa  been  pn>pared  of  knnwn  iirrnfrth,  how  ntajr  ihia  bo  lund  to  ■ManA' 
quantil  J  of  B^  in  a  lahMial  water  I 
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la.  The  tftn^e  gn'rity  at  hydric  mlphiilo  hu  beea  foand  bf  expetinuiit 

I  W  be  17.2,  KQil  ^-y  KMKLiQn  [  l^j  it  u  ihuwn  that  any  vulima  of  t}i«  gM 

CouUiu  an  equal  Tolume  of  bv'lrogcn.    Show  that  tbcw  Rsutts  ogive  quite 

cIokI/   with   tbe  molccukr  njuibul  nuigRvd  to  ttiv  coiupuiuiU-     Huw  tla 

you  oxjilain  the  dight  dificnijiuiicjr  1 

I  IX  Write  the  reaclioiui  ity  wliich  hydric  mlphide  \»  fonned  frnm  calcic 
■nlpbatc. 
14.  Wril«  the  reaction  by  whivb  NB,-HS  uuy  be  formed  from  aqua 
•Biinonia. 
la.  Writv  th«  Tcoetioii  of  l/,S  jjb^  on  a  soltition  of  ptombie  MOtate,  and 
calvuUiv  wliot  Tolurae  of  (U^  +  Ai)  latumietl  at  0"  wonM  be  teqiiirvd  to 
pnxipitate  0.307  |,iiunmc  of  luai].  Ane.  K.109  aTn!:*  of  (If^  +  Aq), 

R.  Write  ibe  reaction  of  H^S  on  a  sohition  of  at'otatc  of  rinc  Whot  in- 
|'|ereiK«  wuuM  yon  draw  boiu  Ibe  fiiut  tliut  Zn  u  procipitatod  by  t^  Rogent 
I  from  an  Kctioocid  Mlntion,  whilu  i>  and  Afnatu  not  I 


17.  Into  what  KToupn  tuny  tlii-  luvtollit:  nidi^alu  be  dirldcd  by  nicanii  of 

I  two  toagunU  bydriu  lulpbide  luid  amnionic  isulphide,  and  how  miut  tlie 

nta  be  lued  t»  urd«r  to  Mpatate  ibew  groups  from  a  giren  solutinn  I 

In  Tedncing  SS  graninnw  nf  iron  from  the  condition  nf  fisnic  !«  that  of 
am  chloride,  how  mocb  anlphur  in  prcdpibitol  1  Am.  H  gnmntM. 

I9l  Analyu  the  ROctiotu  f  IM]  and  f  134],  and  show  boir  the  H^  gM 

eta  oa  a  tvdudng  ugctit  in  mch  cose. 

90.  Write  the  Kacllon  of  hydn>chIor!c  acid  on  eodic  bLsulphide. 

21.  R«pr«eent  by  graphic  xyiBbaU  the  cooatilution  of  the  mrioaa  potaaeic 
lyiilphiilra. 

£2.  AnalyxenB<:UoM[]3Slto[14J)]. 

Write  the  reaction  wbca  (ulphur  and  milk  of  lime  arc  boiind  together, 
imiox  liist  that  CaS^,  and  iccandly  tbnt  OaS^  h  psodncod. 

84.  Write  tbe  RAotiim  wbcn  nilpbar  and  caleie  hydnto  an  melted  to- 
ether.  aminung  that  CaS^  nod  CaS(\  are  prcdnoed. 

S5.  Seprewnt  by  graphic  eymbola  tbe  ooiopod^oii  of  tbe  eampoanda  of 
iilpbur  and  oxygen.     Draw  up  a  echeme  ehowjng  the  relatkiua  of  the 
>  adds  and  anbydriile^  Bimilnr  to  that  of  $  131. 

la  the  qnnntiraliMicc  of  ■ulphur  in  tbe  ntlpbilci  and  hyponilphitM 
ai  in  tbe  ntlpbate*,  &f.  1    Write  tbe  fimpfaie  (vniboli  of  all  tbiMe 
nponnd*  on  tbe  theory  that  nulpLur  u  invniiibly  Uralcnt. 
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ST.  WhU  Tolnne  of  mlphiuwu  mids  would   be  formed  hf 
iMTi  gnuniBc*  of  Mlphnr  t  Ad&  i 

SB.  It  tu*  been  obaored  that  wli«n  wilphur  buma  in  oxjgea  tb*  (oiiia*  I 
oTtlw  ptotluct  i*  tbe  tanw  w  Uie  inUinl  Wume  of  asyftmi  g^     II  bv  bn  J 
round  bjr  uxperixuent  Uiat  Uie  Sip.  Or.  «f  luljiburoiM  oxMn  »|iuU  : 
Uuv  do  UuM  Tacta  oomutMind  witb  tbe  imIkchIu'  synibol  unuUjr  i 
to  the  coinpound )    ^lut  i*  tbu  Sf.  9r.  of  SU^  ?  Atu. 

E9.  How  mucb  ra«rcur>-  u  rvtiuirtd  to  tnolce  one  liUv  of  SO,  1 

Ana.  esa 

30.  Loving  out  of  view  tlie  value  of  lh«  meRuiy  uwil,  aa  h  naj  ll 
eattl;  rMovered,  bjr  vhicb  of  tbe  two  reactJona  [151]  ttnd  [162]  oia;  £IP^h 
mo«t  proStably  prvp«r«d  1 

31.  Uow  much  3SnOg  woaU  be  reqaiKd  to  field  hy  reactJati  [153]hI- 
dent  Si?,  to  nMitnliM:  1.2I>  grstninai  of  nodic  carbonate  T 

Adi.  LOWgrmiia 

32.  Point  out  tbe  volomeUic  rttluloiu  la  roacUon  [1&4} 

33.  An  tli«  conditioDB  undw  wbidi  tbe  noctton  [15S]  ia  obtAiaed  in  ■> 
way  peculiai  I 

34.  Cninpnr«  rfActinnt  [lAT]  and  [IS8],  and  inf|nlr»  wbetbw  a  nwlMrf 
volumetric  analyHis  ha*tsii  upon  them  laigbt  not  be  devivoL 

35.  Boprc«ent  b?  gniptiic  njmboU  tbo  cnlphita*  wboae  ajrinlioli  m  pns 
[a  f  178]. 

'  96.  The  rrrtiBf  lim''  'if  tbp  una  ami  nlknli  work*  onntajnsealdc  ^inlft1*^ 
OtSf.  Ill  wWt  way  would  tht>  be  changed  bf  expomr*  lu  tlw  lir  i» 
falcic  tbin«nlpbitc,  luid  how  ftr,m  tbi*  prodnot  could  aodlc  llikaolpLili  V 
prepared? 

37.  Write  the  TCKtioa  uf  hydrocbloric  add  on  foUe  tfaioaa||iUl4  kMi> 
in^  ihnt  tbiMnlphurou*  acid,  when  Ubtnttd,  jricMa  aolpfattrow  eaUt  mi 
tulphuT. 

as.  Tbe  «pedflc  gravity  of  tbe  vajioT  of  ralpburic  oxid«  luw  ban  fcai 
Itjr  cxiwrimeDt  to  be  39.9.  How  docs  llii*  ugive  witb  tlw  tbeoretical  iWail 
(Vropuv  tbi-dcndtiei  of  00,50,.  and  ^iO.Mngidirdatbv  K-latitradv*^ 
condcnaatiou  in  eaeb, 

38.  WbU  an  the raU^tia  of  th»  MMpottttda  SO^Cl^  SO^ZBOi,  SC^mi 
11^^  to  one  ADOllwr  I 


QUESTIOrtS  AND   CBOBLEya 


&8& 


40.  Analrm  the  two  Ktt  of  nBdinu.(l?5  f  ( •a;.'}  and  [ITS  d  itq.X  Aid 
•bow  wbcnte  tbt-  (ncygen  n-quirad  to  axidJM  the  nuliiburoiu  vudu  u  derived, 
Knd  wlut  purt  the  Axidtn  or  utirot-i-u  plar  in  the  prowM. 

41.  In  the  prD04M  of  mitking  oxjgim  gm  ttom  mtpliaric  acid,  wbt'nce  It 
the  oiyg«n  in  tlia  find  initancc  dnriTri]  t  Uigbt  not  the  taate  i^iuuitily  of 
acid  b«  nioda  tn  yirid  m  indeliiiiio  mipplj'  of  f^  T 

42.  It  jippMR  by  n])friini'nt  that  lh«  Sp.  Or,  nf  ff^TO,  vapor  in  HAi, 
How  duo  tbU  ■flrec  with  theory,  noJ  how  do  j'ou  cxpkia  the  ilincivpanq' 1 

43.  It  bn  hwo  found  by  exact  cipeiimfoil*  that  100  jmrte  of  luul  jkld 
.45  pMta  of  pluuibic  sulphate.    lJV1i.it  is  the  lu'iletiilur  weight  of  wl- 

nric  acid  t  Wbut  assumption  tinea  jroixr  cakulittioii  involr*  ft  W)  I 
ly  do  fUQ  legard  this  rotnlt  an  more  trnrtwoithy  than  lliat  of  tii«  last 
blemt  An*.  9S.14. 

44.  TIow  i^o  the  nymboli  of  the  hjrdnilet  of  aulphiiric  nrid  coinpaTi>  vHlh 
bow  of  tit«  cryntallinc  laiu  of  tbSt  acid  I 

45.  Writ«  the  symbi>l«  uf  tmljihuHi.'  acid  and  it«  two  lijdrat«,  rvprcKnting 
hew  an  coni|)Ouiid)<  of  SCJ,  vltli  tifdiDiyl,     ri>iut  out  Iht'  diatiiKtion  be- 

Fii  tliL'  orlliu  iitid  met*  acid((  And  *biiw  ibat  n  similiir  di^tinctiou  may  be 
Ji^  aiiiou^  I  be  talla. 

40.  How  many  UttM  of  aalpburic  acid,  Sp.  Or,  I.C15,  <xt>  be  made 
1,000  kilo,  of  pyritOi  (usiuuing  thai  all  tlic  Hilphar  in  the  mineral  tt 
tl  Ann.  1444.4  litiea. 

47.  How  miifb  milphnric  vAA  \j  weight,  8p.  Gt.  1.501,  will  be  miuiKd, 
luC  To  iiciiintlin:  &3  Knimmcfl  of  wdic  caiboiiatr  I  Sd.  To  lUisolvu  3^0 
gnmmc*  of  dnc  I  3d.  To  precipltute  cotuj^itvly  tiOS  (,inmin«a  of  b«tic 
dLburidc  T  Ana.  81.066  grauuaMt  61.006  grnmnieA,  1X33  grammes. 

-     48.  B«praM:iittheeon»litntionaribevariouiiiulphnt<3i  bygrapbicaymbob. 

4S.  In  what  does  the  xymbol  of  diiincio  colpbate  differ  from  tbat  of  a 
•alphilel 

SO.  If  tbn  iqwcilic  Rravily  uid  molf-iikr  vti);lit  of  a  BoUd  atibaUlMe  be 
(pvcn,  how  can  jou  find  the  mulevular  votanii;  of  tho  «ub«tftiie«  in  the  eolid 
condition  I 

ni.  IIow  does  tbe  molecular  volame  of  unlpbiir  compam  with  ibnl  of 
wlenium,  —  IM.  In  the  nolid  rondittou  ?    2d.  In  the  cryoiallitic  condition  t 

52.  What  U  true  of  the  molecular  volmnee  of  ail  nkstancca  in  the  Mate 
of  gaat 
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03.  Compare  the  molecTUar  voliiiDea  of  telloriam  and  binRUth. 


64.  What  uro  the  analogies,  and  what  are  the  chief  poiul*  of  dilTeKUK, 
batween  Bulpbur,  seleniuio,  aiul  tdlurium  ] 

55.  Writ«  the  reaction  of  faydric  delenide  on  a  solutioD  of  plamfaic  a««m; 
also  that  of  potosni:  Belenate  on  a  solntion  of  boric  chloride. 

66.  Write  the  reaction  when  MolybdeuiW;  is  rwwtijd  Ln  the  air, 

ST.  Write  the  readion  of  D^  on  a  lolutioD  of  molybdic  aod  in  lij^ 
cbtdrio  acid. 

68.  What  is  the  relative  proportion  of  tungstic  aoliydride  In  th*  twv 
Tftrietiea  of  Wolfram  ?  Ana.  76-47  to  T8JSJ, 

69.  Write  the  reaction  of  hydrochloric  acid  on  Scheelita. 
60,  In  what  nepecle  docs  tuugsten  teiemble  moly bdenum  I 
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DIVISION  IX. 


199..  CAl.cnTM.  Ca  =  *0.  —  Bivalent.  Odo  o(  tho  most  ahan- 
dant  and  impurUtit  cormtituettU  of  the  cnuit  of  thtt  globe.  Tlit:  clo- 
nwntacy  muImUuiuu  is  a  sod,  malleahle  metal,  with  a  reddiHli  tingn  of 
color.  Beodiljr  tamialies  in  the  «ir,  and  bunts  when  ImhuhI,  fanning 
lime.    DwompoMS  trater  at  all  temperatures,  fonaiug  calcic  hydmte. 


2  Ca  +  ©^  =  2  CaO. 


[183] 


is  ol)tein^d  with  ttiffiuulty,  aitliOT  Iiy  the  olcrtrolysU  of  th« 

cUorid(%  or  by  dwdrnpooing  tha  iodida  with  eodiiim. 

ISO.    Calcic  Carbonatv.      CcrO^CO. — Tho   chief  hme  mionaL 

inarkahle  for  the  great  variety  of  its  ciystaUine  fonaa.    Dimor- 

ihiiiu  (liexagonal  aud  orlhorbombic).     The  hexagonal  forma  (Figa. 

,  36,  37,  60,  61,  and  62}  belong  to  the  miuoral  apociw  Calcite. 

0  orthorhombie  form*  (|  lOK)  to  thd  »pocii*  Amgoiiite.     Sp.  Or. 

Calcitev  2.73;  of  Aiagonite,  2.94.     The  last  is  also  dislinguiahed 

ni  the  fint  by  sujwrior  hardDess,  and  by  Gilliug  to  powder  wlien 

loatiid.     TIxT  cryi>taltiiie  variL'tien  of  cakit«  arc  ruadily  nico^iiHil  by 

very  striking  rhombohcdral  clt!avitf;n.     Lirac^tonwt,  Ootito,  Chalk, 

ble,  Tmvertine,  Tufa,  CnJcarcoua  Marl,  aio  namea  of  variotJca  of 

1,  wliicli  consist  chiefly  or  wholly  of  ono  or  the  other  of  these  two 

iiioialt,  fiuiierally  of  ualcile.     Many  of  llieitu  rotka  tuakc  excellent 

ildinK  otoDC*.     All  tli«  vnrietitit  of  calcic  ciLrboDato  diMolvu  with 

iflorvwcciico  in  dilute  nitric  and  otW  acidx,  and  may  thus  bo  dixtin- 

from  the  silicions  minerals  fvhich  thi^y  BomeliniM  ontw^rdlf 

liable.     Calcic  cnibonale.  although  nearly  insoluble  in  pure  water, 

readily  dissolved  by  water  cliarf;ed  with  CO,,    llius  it  Is  held  iu 

•oltition  by  the  water  of  liuio  diHtricU,  and  to  a  {greater  or  Ituit  extent 

most  spring  watnr.     Such  wat^rr,  wh<>n  itroDgly  chnigpd,  dnpoeits 

rCalcio  carbonate  on  exposure  to  ibo  air,  and  thus  arc  formcil  iilnlac:tit«a, 

tufii,  and  travertine.     It  alao  forma  dopo«its  In  hoil«ra,  and  decomposes 

tbe  soap  used  in  washing,     (ilarl  water.)    Calcic  carbonato  may  bo 

readily  formed  artificially  by  the  reaction 

( CaClt  +  (iHO,-CO,  +  Aq)  =  Ca-CO,  +  {2{NH^Ci  +  M)-  [18i] 


Kl 


830 


CAiaUJL 


sua 


Singularlj:,  tioverer,  if  tlie  prodacts  of  the  reaction  are  boiled  topth^ 
tlM  reverse  change  takes  place ;  amnnMuc  cnrhonAte,  being  a  Tolatik 
•ufastance,  b  formed,  and  eK)ip<»  with  tli«  stoun,  whila  calcic  dJoadi 
tcnmiiu  in  Uie  tolutiun. 

190.  Calcic  Oxide  (Qolck-Ume).    CaO.  —  Obtaioed  bjr 
timeatono  id  kilns. 


n«j 


Ca*CO,  =  CaO  +  8>B,. 


Amorphona  vhite  solid.  Very  infusible,  and  cmllting  rd 
white  light  whea  ignited  (Dnimmond  I.i};lit)^  lltu  etrong  offinitj  At 
water,  and  the  dietnieul  unian  i»  attended  with  tho  CToIotioB  of  amk 
heat  (alnkin^).  Fxposod  to  tho  sir,  it  gradually  abmrba  botli  wale 
aad  carbonic  anhydride  (nir  slakiag). 

191.  Calcic  Hydiate.  delfof.  —  A  light  dry  powder.  SolnUtb 
about  423  jKirls  of  ould  water  (time- water).  With  a  *niall«r  qiuattt} 
of  water  it  f»niis  a  sort  of  (MtitiUiou  called  milk  of  lime,  and  with  ibB 
lets  water  it  givet  a  »omowhat  plastic  paste,  which,  mixed  with  toA, 
'»  ordinary  mortar.  Hydraulic  cements,  which  harden  umlur  -niua, 
ate  made  ttom  limestonea  oontMning  from  C(Wn  to  thirty  hvn  per  ntd 
of  finely  di\ided  silica  or  clay ;  oUo  by  iulimately  mixing  with  cMfc 
n  duo  pix)portti>ii  of  day  under  regiilntMl  conditions,  and  snbaeqaallf 
burning.  Calcic  hrdmte  acts  on  the  sktn  like  a  cauatic  alkali,  ant  h 
used  by  the  tanners  for  removing  hair  from  hides.  It  ha*  a  stni| 
affinity  for  CO,,  and  hence  ia  used  for  Tendering  soda  and  \daA 
caustic  [100].  It  ia  also  employed  for  tnirifylng  cool-gaa,  and  in  tusf 
otfaer  procoau*  of  the  Kii».  It  !■  largely  uacd  a«  a  maaitiv.  Vtt» 
wash  ia  milk  of  lime  mixed  with  a  littln  gitie. 

192.  Chloride  ot  Lime  or  Bleaohloe  Powdar,  OuOC/,.  is  flawd 
by  passing  chlorine  gas  into  leaden  chambers  ooutainlog  sUkad  Im^ 
which  ahsovb*  tlie  gas  very  rapidly. 


CaO-¥CtCl={C<rOyCt,. 


m 


Very  much  uacd  in  tho  arts  for  bleaching  cotlon  goods.  Hw  ibck 
having  bmn  well  washed  and  digested  in  a  weak  aolation  of  cUmb 
of  lime,  ia  passed  into  rory  diluta  solpliuric  aciti,  which  Ubersta  iha 
chluriiie  in  the  tibre  of  the  dolk  May  be  used  in  tha  kbantaiy  ■  s 
source  of  ddorine  ^a. 
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May  aUo  be  lued  as  a  sotuoo  of  oxygon. 


Conuponding  to  (<VO)*C^  we  have  {Ca-OyO,  oikio  paroxido,  fonand 
by  Milling  ^fit  *^  ltino-mt«r,  but  it  is  ■  rery  ututablo  corapound. 

193.  CkIoIo  SulplMt*.  Ca-O^'SO^.  —  Seoond  id  importanoe  of 
tho  timo  miiiL-nU.  Ic  occurs  in  niUun  both  in  an  anhydiwia  and 
a  hydrou*  rorm.  The  onhydioas  miiieial  is  calietl  Auliydrito,  tho 
hydrooa  mineral  i*  Gy[uuin.  Aiibydrit«  cry^tallinw  in  lliu  Oftfaorlioin- 
bic  (yalom  {f  108},  and  liu  Sp.  Or.  2.0.  Gygwum  (CoiVti,.  2^0) 
cry.ibiUind  in  tbe  monneliitic  ■yatom  (Fig.  45),  Itaa  Sp.  Gr.  8.3,  and 

aofUr  than  tli«  auliydrito.    Oaldc  Bulphat«  is  aolable  in  about  400 
of  water,  and,  lilcn  aarenl  o(  the  lime  salts.  Is  muuli  lets  actable 

bot  water  than  in  cold  ;  and  wbon  water  tiolding  f^pttum  in  aolution 

liuutvd  to  a  bigb  tompentoie  in  eteam-boilcn,  the  wboln  ia  dapoe- 
in  an  insoluble  eondltioil  {CaSOf  .  ^  11,0).  It  ia  a  rary  GorailoD 
itn[>urity  of  sjmni;  waters,  and  is  anotbor  caoae  of  their  bardneiM, 
And  of  IIm  crtut  whinh  Ihoy  aomotlmes  form  on  the  inner  sur&oo  of 
boilera.  !t  ia  found  in  considerabla  quantity  in  tlio  water  of  salt 
ii]>rinj{B,  and  of  the  ocean.  Whi^n  Iheae  watora  are  cvapomted,  it  it 
ilepiMitcd  before  tbe  oommon  niL  I[imi<«  in  nature  we  find  tbat  beds 
of  p)ck-»It  ore  luuslly  associated  with  anhydrite  and  ^7)kiudl.  The 
laat  i*  by  far  the  moit  nliundant  mineral,  forming  in  some  places 
•itennvo  mck  deposit*  of  gmit  tliii^knoMi.  It  is,  monovor,  found  in 
beautifully  tmnnpan-nt  nryDtols  (.Siil«nito),  which  can  ho  «aatly  split 
int'i  v«ry  thin  platcii,  and  it  also  forma  the  omamcnlal  ntoue  called 
aUi>a8t«r.  Wb»u  hoaMd,  gypsum  niadily  fpvta  np  its  wnti^r  of  arya> 
talliialion,  and  when  not  overbumt  the  dry  jnudunt,  if  iwlnccd  to 
piwdvr  and  made  into  a  paste,  sfpiin  nnitra  witii  wnt^r  and  aota  into  * 
hurd  mass.  This  minion,  howoTor,  will  m^t  take  pla«o  if  the  gypffim 
has  been  hentod  abore  300° ;  and  anhydrite  is  then  formed.  The 
calcined  gypsnm,  called  Plastei  of  Paris,  b  usmI  in  immense  ()ttanti< 
lies  for  nuJung  casts,  and  in  rarious  forau  of  aliioco-work.  Ground 
gypsum  is  alsu  osod  for  drcating  land,  and  lindi  otlivr  applications  in 
the  artit. 

■  191.  Calcic  Pbospbate.  Gt^Ojl PO)^. —  Tbo  chief  earthy  con- 
stituent of  the  boucs  of  animals.  Tlie  animal  obtains  it  from  platitsi 
and   the  plant  dmws  its  supply  from  the  sniL     Tlw*  gminn  of  tlie 

CR  are  capecully  rich  In  this  bon«-msikiDg  material,  and   as  tha 
: 
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mppljr  in  (b»  soil  is  hbuDj'  liMutod,  tticea  ptants;-  iHmib  «Qlliiriil 
jnr  aft«r  year,  aoou  exhaust  it.  Q«ik«  it  is  all  impurtanl  Cjr  $$ 
ojjnctilUinAt  to  rmtore  to  hit  Innd  Lite  |>lioaplkat<)S  im  fwt  lu  tlv^  an 
removed  by  th«  cnps,  ami  gii>iu»d  Iwdw,  guano,  plioq>hQ(it%  nd 
otlier  foRUB  of  ctk-ic  phoephaM,  ate  uaad  for  tltU  pofpoM.  TIm  ib- 
«Tal  Apatite  is  a  cryetaltiDe  variety  (Kig.  34)  of  this  mow  matotial,  l« 
cantaiua  also  alicmt  vij^ht  per  wnt  ot  calck  flnortde  mixed  witJi  mm  a 
IcM  (atcic  chIori<I<!.     lt«  ijmbol  mej  b«  imti«n  (Co,/'))*0^/*^. 

195.  C«l«lo  Slllcat*  {Tabular  Bpar),  r<iO,-&'0,  ia  a  ant  i» 
comiuoD  miiiernJ.  Fomied  oB  the  surfam  of  tho  gmins  of  sand  via 
moTtar  hardens,  and  the  valuable  qualiciea  of  bjrdratilie  aenueoh  at 
fMobftblj^  due  tn  a  still  mora  eompl«l4!  tiiiioD  of  tb»  mna  IdmL  it 
artificial  atono  of  gRAt  atnngtb  may  be  made  bj  fini  tnixiog  logtilw 
Roltitions  of  calcic  chloride  and  eodic  siJicat*,  and  tbco  iaoofpcatiof 
will)  thii  balf-fliiid  mass  a  haga  piopoation  of  sand. 

}Wi.  Calcic  Floorid*  (Flnor-Spax).  CaF^.  —  An  abandant  ■■» 
entl,  and  th«  tutwt  important  romponnd  of  lluoriaa.  It  Ea  roaud  tbtii 
mamre  and  cn-»l^lized  in  the  fonns  of  tlie  iMinetric  aynlem.  gcDanQj 
in  oubea.  Ha*  ovXaitminl  clenvnge.  The  pare  material  is  ooLxIml 
Ixit  llie  native  crptnls  are  ^wiiienil;^  beaulifiilly  colored,  and  m 
among  the  moit  splendid  ^wciioeDs  of  out  mineral  cabineU.  Expaad 
to  Uie  ligbt,  tlii-y  frequently  cxliilnt  a  remarkable  flaonunmcc,  al 
many  vnrictiM  of  tbu  miucnU  phoephoicacc  wbi-n  heat«d.  AItb<mft 
not  Tftry  funlilii  hy  it«elf,  lliioT^por  forms  a  very  fusible  slag  wilfc 
gypmim  and  nther  Mrtby  minenls  froquoiitly  sMociated  with  te»d  nft 
lliis  property  randen  it  a  valuable  ^tur  in  lb«  prmsoss  of  smultiiy  ai 
ores,  and  lieoce  the  name  Fluor.  In  ^mall  qnantitica  it  is  almnri  b 
variably  aaanciated  wttli  ealeia'  plioophalc,  nut  only  in  tb«  niiMi 
kingdom,  Ixit  sdna  iii  tlio  l>oncA  and  teeth  of  onimnls. 

197.  Calcic  Chloride.    CaClf.  ~  A.  At\imir*>cvnt  salt.  rmHIy  (^ 
_  tained  by  iliwolving  cjttcic  carbonate   in  hydmchloric  ociiL     Al*  • 
Mcondnry  prottnct  in  tbc  jmriMuation  of  oininunia. 

CaCO,  +  {2ffCl  +  Aq)  =  {(7aC/,+  1/^0+ Aq)  +  CO,.    p»] 

A  useful  mpfiit.  and  also  employed,  on  account  of  its  hygroHiTa 
({Ualiticf,  for  drying  gnscx. 

19a  Calclo  Ntctau.  {CaO,-{JfO^.~A]ao  m  my  acjaUa  difc- 
qiwaccnt  salt,  which  is  foimed  in  the  soil,  in  erilais,  in  limcMTaM 
and  wlieiever  organic  matter  decays  in  contact  vriib  alcaraoo*  BUk- 
rials.     Chiefly  important  as  a  aouMe  of  soltpetrs. 


■  i  wo.} 
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IflB.  STRONTTOM,  Sr=87.6,  ana  BARnTM.  &i=i37.1.— Ri- 
I  Talent.     Tiie  compoumis  of  tlieiue  elc-miMiU  iir^  rl<*ely  allW  to  the 
orKflpoDding  compound*  of  calcium,  and   th«  difr«reii«M  ant  onljr 
''ihoNu  wliicli  WB  should  nxpoct  lwtw««ii  membOTs  of  the  tamo  ehemical 
WTUi*.     Th<!y  wti,  however,  far  legs  abundantly  <UiiUibuted  in  nalDra. 
rii«  moct  importent  native  corapouii<ii  are 


Strootic  Carbonate,       Stronliauita, 
Baric  Carbonate,  Wilborilo, 


SrCO,.       Sp.Gr.  S.70. 
BaCO,,      Sp.  Or.  4.32: 


ue  iKoiuuipfaoui  with  Amgonite.     No  bexa^nal  foinu  cotto- 
ling  to  Catcitc  arc  itnowD.     In  like  maiiDci  wo  havo 


Stiontic  Sulphate, 
Bojic  Sulphate^ 


CelMlinc,  SrSOt,       Sp.  Or.  3.95. 

Heavy  Spar,       &iSO^,      ^  Gr.  4.48. 


fof 


heee  are  iaomorphous  with  anhydrite.  No  liydrous  minerals  corre- 
.fIir>ii(lint;togypmitnare  known.  Strantic  tiulphata  is  much  leas  soluble 
in  water  thmi  calcic  auliihitlc,  and  hnric  sulphate  is  practically  insoluble. 

orcover,  tfaa  solubility  of  these  salts  is  not  increased  l>y  tlie  presenee 

weak  aciJs.     Hence  a  solution  of  calcic  snlphato  will  give  a  pro- 

cipitete  in  solutioun  oontuiuing  cither  Ntfoiitiitm   or  barium,  and  a 

solution  of  stroutic  nilphate  only  in  th«  last.     Tho  eulphatea  are  both 

ily  pre|)ared  artificially  from  solutious  of  corresponding  chlorides  bj 

recipitAtion  with  aulphurie  acid. 

200.  I'he  Stiontio  and  Bario  Nitrates  and  tho  fltrontla  and 
Baric  Chlorides  are  nil  nolublo  Mtll«,  but  Ices  soluble  than  the  corre- 
ndiug  talta  of  calcium,  the  barium  compounds  being  in  each  cue 

a  lees  soluble  of  ihe  two.     Tboy  aiv  easily  prepei«d  by  dissolving 

c  nntivo  carhonitle«  in  dilute  nitric  or  liydroebloric  adds.  Itaric 
aitnxte  is  precipilAtod  from  its  afjuciua  solution  by  strong  nitric  at 
hydrochloric  acid,  in  conse<iu?nc«  of  it*  sparing  (oluhtlity  in  theao 
reagents.  They  may  also  be  prepared  from  the  native  lolphalei^  as  is 
illustrated  by  the  following  reactions:  — 


Kui 

H3>rDt 

W   2 


Sr^O.  +  4  C  =  &-5  +  4  O©. 
(SrS  +  2  J5R7/  +  -4?)  =  {&-CV,  +  Aq)  +  3IB. 


[189] 


An  intimnto  mixture  of  the  powilered  nilpfaate  with  some  cotbona- 
L  CGODs  material  is  first  intensely  boated  in  a  cmcible.    Tho  reniltiiig 


MO 
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prodQct  U  Uhd  oxhmrtcd  with  water,  !Ui<I  tho  aolntion  tmtted  viA 
hydrocUlorw  or  nitric  wid  M  reqnirod. 

201.  BtrentJo  uid  Baric  Hydraua  miiy  olxo  be  pnpand  fina  lb 
•alution  of  tlie  aulpliuka^  obteuwl  u  abova,  by  Um  reAotioo 

Ths  ToUtiro  solubility  of  tbu  bydtates  fidlows  tba  iBV«M  oidtt  rf 
that  of  the  other  mlUt  baric  hyilnte  being  roach  the  tnoat  aGbUc 
and  dissolving  in  tnuuty  parts  of  irat«r. 

202.  StxonUo  and  Barlo  Oxidea  may  b*  raodily  obtaintd  I7 
igniting  thu  uitralva.  Thoy  sLtke,  when  mixod  with  int«r,  iOa  qnek- 
lime. 

S03.  BtroDtlo  and  Barlo  Peroxidaa  an  prepMed  bf  baatinglk 
oxides  in  an  attDoeph«)re  of  oxygen  gas.  They  ara  tnon  itobk  Haa 
caldc  jieruzide,  and  baric  peroxide  ia  an  important  reagent. 

20i.  ChaiBoteriatlC  RaactioiBa.  —  Cakium,  atnmtittm,  ami  huira 
arc  all  |>mci[iiUbtd  fiutn  their  aohitiona  by  alkaline  carboaatM  and  bj 
oxalM  acid.  Tlioy  nay  ba  di«tijiKiii>>hod  from  CKh  other  by  tha  nda 
tire  aolnbility  of  thoir  sulphatcn.*  and  by  the  mIotb  of  their 
which  allow  characteristic  banda  with  the  apecinMcope.  the 
poandd  of  (trontiora  impart  to  a  eolodeaa  OiunD  a  tmlUaat 
eolof,  and  tlioae  of  barium  a  yeJlowiah  fcracn.  Ilanoe  they  an  Bock 
VBod  by  uiakcm  of  firewodca.  Tha  aolublo  aalta  of  barium  an  imifm- 
tant  reagenta  in  tlin  Ubomtory,  and  both  the  native  sad  tba  artUdrf 
eolpbotM  fiirDiflh  an  important  white  point. 

300.  IiSAfi.  /%a:30e.9.  — BivaisDt.  One  of  the  nun  abnadot 
raetallie  elements,  found  chiedy  in  ninenl  veiiia.  The  paadpil  w 
•a  Gahtno,  PbS.  Than  b  also  a  nitttve  jiltunbii!  enrbonala  taW 
Oaromte  (PbCO,,  ^  Gr.  G.48X  ionroorpbona  wi(h  AntgoniH  nd* 
native  plumbic  eulphato  colled  Aa^leeite  (PtSO^,  ^.  Gr.  6.M^  i» 
morpfaoua  with  Anliydrite. 

SOti.  MetaUio  ImA.  Ph  t~  Sp,  Gr.  11.36.  Meltiog^potBt,  Ul*. 
80  aofl  Hint  it  can  bo  moulded  by  itnaiure.    Obtained,  — 

lal.  Ity  altotoately  n«sting  and  melting  the  galana  io  a  iiiuiti 
tory  furnace. 

•  Cdcic  mliibate  Kins  m  ioBUDliiMOiu  r*Td|:atat«  fa  aoliiUeaf  af  W* 
wlu.  whiU  la  ttioM  of  itnatiBin  tho  praeqiUata  cely  forva  attar  a 
inttrral  uT  lime. 
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■  Routing  stage, 

iPbS+2  OO^PIS-^  PbSO,;  [l$l] 

PbS+Pt>SO^  =  2Pb-i-2a®^.  [192] 

^,  £7  smeltuig  Lha  fftiinta  with  tunip-irOD  in  a  bkat-funiact:^ 

PbS+Fe  =  FtS+  Pb.  [193] 

Pnctieatty,  komrver,  both  proeeeaes  ue  tu  more  ooiu[iUtx  ttum  Ihu 

tTeactioQs  would  iiidicuU.,     The  oru  is  in  all  coom  mixix]  with  gaugue, 

wliich  can  oniy  bn  mclUxl  with  tho  aiil  of  soinv  fiiu,  and  th«  alags 

tt)ua  foimed  coiitaia  a  loigo  oiaomil  o£  meiai,  and  must,  ba  smelted 

[  a^i^iii. 

Letul  dissolvM  readily  in  dilute  nitric  acid,  but  u  not  ocInI  on,  nr 

locty  v*ry  Blij^litly,  by  either  liyilrochlorit  or  Mil[)liiiric  ni:i(l»,  unless 

^fioncoutiitted  ttiid  boiling.     Employed  in  numbcrlcu  mtys  in  the  art«, 

both    i>iiK  and    iUli>j«d   vitb  utJi«r  nwtaJii.      Typ^-meUl,  britaiisiit- 

nuitul,  and  hoIiIpt  oto  among  tlie  tmiA  ttnpurtant  uf  tt«  alloys. 

207.  Pluoible  Oadda.  /*6(3.  —  Obtainral  by  heating  load  in  a 
licnrtvnt  of  air,  wh«n,  if  tlio  hent  is  not  too  gt«it,  a  yellow  powder  is 

obtained  callQd  mns^icot.  At  a  heat  a  little  below  tediMas  the  oxide 
[mell^  and  cryatalliutu  on  cooling  in  yetlowlsli  red  ooales  called  litharge. 
jlAri^y  iumm]  in  tlie  arts  for  iimkiuK  flint-giusK,  for  glazing  caitlien- 
L^arc,  anci  for  ]>rcp>rinft  varioua  painta  and  li-od  salts. 

208.  Plnmblc  Peroxide.  PtO,.  —  A  ilork  brown  powd<T,  vifiy 
|iis@fnl  in  the  iaKiratory  as  an  oxiditing  sgcnt.  The  bright  rod  pow- 
tider  called  minium,  obtained  by  still  f\irth«r  roasting  masncot  at  a  low 
]  heat,  ia  a  mixture  cf  PbO,  and  PbO.     Tliere  is  also  a  sulioxklc,  Ph,0. 

209.  Plumbic  Hydrate.  —  The  nonnal  bydiate,  P^ffo,,  bus  never 
tboen  obtained,  but  we  can  readily  form 


Diptumbic  Hydrate, 
Triplumbic  Hjdnte, 


(PlrO-P6)-ff«„ 
{Pb-O-Pb-OPhyffo^ 


[by  the  following  teactions:  — 

t  S  PbiNO;,,  +  (4  KHo  +  ^7)  = 

{PtrO-Pbyi/o,  +  (*  S-NO,  +  ff,0  +  Aq). 


HH] 


m 
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(n,o^ya»,+(U^ff;^c^,o^+A.j).  pis] 

A  ptuinbic  ItjdiaU  U  formed  by  tti«  ttmultwiootu  aiBtJon  of  lir  ^ 
wster  on  liwl.  which  ia  alt^Uy  soluble  j  tad.  u  all  load  adb  mc 
poiaouoiu,  and  even  ui  oiiuuto  qnantitiw  (irthe  dosa  b  ofl«ii  KpnUdt 
niiiy  1h:  iDJurinim  to  hMllh,  it  ii  unufe  to  lue,  for  dritJcinf^  vikr 
which  hull  Wii  kept  in  liMul-lin«>)  codanw,  or,  ui  ease  of  autDo  •nita, 
which  hn*  beciv  dmwn  t^itough  lead  pipes.  Tb«  pRseneo  of  nitnta, 
vitnta^  or  chloridw  gnatly  incteanes  the  oomxilTB  action  of  wilar  oa 
load)  while  carbonikiM  ftnd  Eti]j>luln(  nxvrt  a  prMerrativft  itiHtunca. 

310.  Plumbic  HItrata.  (J'lr{y  0^,.  —  Obtaioad  by  diMoln^ 
litharge  or  lead  in  dilate  nitric  aaid.  Solubla  io  water,  bat  ituohbli 
ill  atrouK  Dtlric  auid. 

3n  + {8 //-^t>, +  .*?)  = 

211.  nombio  Aoetate  (Sugai  of  Lead).  Pi>(e,^,r?J, ,  3/1^0. 
•^The  HKwt  important  Kolublu  sail  of  lead,  eouly  obtainwl  b]r<&» 
■olviii}!  PdO  in  acetic  aci<l.  L(b>1  hu  a  great  tendencj  to  fona  taM 
•alia  (S  39).  Heuce  a  solution  of  Uto  noulnJ  aoatata  will  d«ilf»  a 
lai^  ailditional  ijuanttty  of  litbuge. 

2  PbO  +  {PbiCA  OJi  +  -*«>  = 

({W-o;^owHC*^,o,),  +  i7).  [i»i 

If  CO,  is  DOW  poawxl  through  tbia  solution,  tbo  nxocoa  of  ^$0  a  f» 
cipitat«d  ss  carbonate.  Frcah  porttou  of  PkO  nuy  tbao  be  iliiwlMl 
and  the  process  rep«it«d.  Thf  jiliuubic  carbonata,  which  la  ofalahMi 
by  tktt  and  other  analogous  methods,  it  very  much  vi»«l  as  a  wklls 
paint  undor  thu  naineof  wbita  lead.  The  produL-U  iif  tba  ■It&mU 
proccsKS  hnro  nut,  bowaver,  the  WSM  compoaitiuo,  bat  an  tUMtnm 
of  the  carbonate  and  byilnte  in  varying  proportions. 

313.  Plomblo  Solpbata,  PbSO^,  is  obtaineil  as  a  white  pndp 
tato  on  adiling  sulphiirio  acid  or  a  soluble  sulpbata  to  a  aolutlua  >/« 
■alt  of  lead,  ll  is  piactieally  insolnblo  in  )Hin  watar  and  i^iTatr  bI 
photic  acid.  It  disKtlTos.  bowsvor,  to  a  limited  oxtoiil  in  iCmf 
nlpliutk  nrid,  anil  is  therefore  prcaent  in  the  oil  of  vitriol  uf  o»- 
merce,  which  is  concontTat«d  in  lead  pans.  Bonce  tba  wliile  p» 
oi)iiiate  when  the  acid  is  dilutcil  with  watar. 
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313.  Ptamble  Phoapluta  is  fonnd  in  Datnre  io  the  mineral  Pjrro- 
morphitr,  wliiclt  iit  isotni>i'|>hr)u«  with  Apaiit«,  auti  bus  an  iinalugotu 
constiluliou  (/^,CK)u(3j^(/'0),,  The  mineral  Zklimotim:  i»  Iho  com- 
apoiuling  iaomoTpboas  arwiiiiMci.  A  mcltod  glnbulo  of  pluiobic  ph<«- 
pluUv  winiuHit  OB  cooling  »  peculiar  ndiat4)d  crf«talliii«  struotuR^ 
wbicli )«  Tory  chimictMiBticL 

214.  Pltunblo  Chlorids,  PbCI^,  mny  bo  obtained  as  a  white  cijb- 
tallino  pow(l<4'  by  tho  iwiction* 

P&0+ (2  rra+Aq)  =  PiOt-i-iJ^o+Aq).        [iwj 
(Pt(ifo;),  +  2ffa+ Aq)  =  pi,a, + {3  hno^ + Aq).    [200] 

rjH  only  V017  (JigliLly  uolublo  [n  cold  water,  but  in  botliiig  wat«r 
i>lv6B  qiiito  rcJuUly. 

215.  Flamb«tM.  —  Cniistic  nlkttlics  di«autvu  /%0  roiy  froolj, 
irming  salts  in  wtiieh  the  lead  playi  th«  pnrt  of  a  nogntivc  radical 
lencu  the  procipikitd  formed  in  leaclion  f  m4}  diseolvw  iu  an  excosa 

tti«  reagoat,  and  a  •olution  ot  PbO  in  liiue-wat«c  ia  used  aa  a 
liair<lj<t, 

Slfi.  CharactarUtlc  Roactloni.  ^ The  lead  comjiaiindii,  in  many 
of  their  Tcactions,  an  closely  allied  to  tho  coniponnds  of  the  Snt  thiw 
oletnentd  uf  tlii^  group.  For  essmple,  the  noluble  ealte  give  ptecipi- 
tut«a  i>  lib  the  idkidine  carbonat«8  and  with  oxalic  ac{<t  But  in  otliet 
ctioHs  liwK  unt  tu4rked  differoncea.  Thna,  —  I.  A  ttrip  of  inoUUie 
.  pliwcd  ill  a  lululioii  of  jilutnbic  acetate  prenipitatea  all  tJio  lend. 

Suliiliurottvd  faydrugen  gsa  paaaed  through  either  an  acid  or  an  alka- 
n«  MDlution  of  a  nalt  of  Usid  aiva  a  Idaok  procipitnta  of  pliunbio 
sulphide. 


{Ptr<^+N,S+  Aq)  =  /•&*+  (2  NCt+A^). 


[202] 


^BHien  the  solntion  is  neidiflL-d  witli  hydrochloric  iwid,  the  predpitata 
^fa  at  first  red,  owing  u>  tho  formation  of  ( l*trSP/iyCI^ ;  but  this  u  soon 
oonvetted  into  the  black  etilplude.  3.  Heated  on  charcoal  before  the 
blowpipe,  with  teducing  fluxes,  the  coropounds  of  Itiad  yield  a  (ofL, 
malloahlo  l>cii')  »(  mi^tal,  and  tlie  charcoal  iiumetli/itcly  mound  the  bead 
ia  at  the  wuno  time  coated  witli  an  iucnutation  of  oxidf-,  which  is 

C;e4olotod  whila  hot,  but  become*  lotnon-yellow  wh«ii  cold.     By 
reactions  leail  is  easily  dislinguithed  fram  calduni,  strontiutn. 
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and  barium.  Iii<1m«1,  Um  rlMtiiiction  is  so  marlctH],  tb*t.  KltlnMigbtb 
iMemblaovM  are  ver;  atriMng,  it  ii>ay  be  doul>t«d  whether  laMl  k 
loi^  M  the  uuM  oh«mical  seriea. 

REACTIONS  AND  PROBLEMS. 

1.  Oalcite  Mid  An^pwiie  on  bolh  not  imb<j(iu«DtIj  fotuad  i*  Main 
cijiuln.     How  may  they  be  diatiinpilahed  1 

2.  <Jaimpare  Ifae  mulucuUr  mluuiw  oT  CbkfM  and  Ai^oolt^ 

3.  Bj  ignitiug  100  [uu  of  puo  ukic  tarboaate.  Duma*  oUaiMd  ex- 
actly &(l  pan*  of  lima.    WbM  ia  tbe  atooiJc  vcigbt  or  calcium  T       Aift  M 

4.  WIiU  ai>uni[itiati«  arc  ehoiIu  Ln  tbe  la«t  [iiob1«m  1    (§  ZD.) 

i.  Hmr  Biuch  CbO  can  be  oUaiiKd  fron  lUO  kilogniniiiw*  of  pan  S^ 
bIom  t    How  mucb  C(ri/»,  v.-in  ibu  aiiwuDt  }-i«l<l  I 

Aiu.  fifikOu.  and;*!^ 

0.  How  mviGh  limMtone  miut  be  burnt  to  jield  &(Xk  kilo,  ol  ijaickliHl 
now  many  cubic  tnct.roi  of  CO^  «rouIJ  be  act  ttve  in  Ibc  |>r<M:«ft>  ? 

Ana.  1,000  kilo,  anil  3S.I  Mf 

7.  In  one  cubic  metre  i>f  limtatonc  a>iUitiL><!  to  be  pur*  cakln  gkImm* 
Sp,  Or.  %li,  bow  tnany  cubio  mi-tmaar  CO,  an  condimaad  1    Ana.  MTJ  S 

8.  What  LB  llw  cauw  of  the  incnHtatlon  of  boilcn  bjr  calde  eafbmrial 

9.  Limc-waler  u  uiicil  lo  purify  cerUla  batd  watcn,  EipUis  tha  n- 
acUoD. 

10.  A  btd  of  limnUiiip,  £>>.  Gr.  S.T1>,  ino  lartna  ihiek,  would  mi»  • 
bed  of  anthracite  cool  of  wlint.  thickuRH?  Amanw  that  tbo  &,  Of.  d 
antbracite  u  l.S,  and  that  it  contain*  90  per  teat  of  cariwD. 

Ajh.  90.37  MtM 

1 1.  In  ordtT  lo  precipitate  lime  ■«  cotnpl^lrlT  an  poMlblo  witk 
<i>rbnnatr,  it  u  importatil  to  avoid  an  txttm  of  ammoniniu  aalta,  anJ  to 
tbd  liiiuid,  but  Dot  to  boil  it.    Oire  tbe  reasoiu  for  thow  precaatlflttt    Ak* 
aiiulyie  nNvrtiona  [l)t4  and  tlie  reverae],  aad  ctote  lfa«  principle  nate' 
tbey  may  U.-  bn>ugbL 

IS.  On«  MbU  flectmelre  of  quialc<lim«,  Sp.  Or.  3.18,  will  atart 
many  cubic  di-clnji^tro&  uf  waler  t    How  many  nalta  of  hMl  iriU  ba 
by  th«  changv  of  otnti.-  u')iic:h  iImi  water  Bodcrgoet  I  Ana.  LOB  JT? 

I3l  In  btimiuK  ■)ui(''k-1iiiii!  it  la  found  that  ilie  pracoaa  ■nrandi  ^» 
■lamp  weatbi'r.  ami  i»  fftciliut«(l  by  injeetiai;  «taiun  into  tlu  n*"  Wh; 
■kould  you  inftT  that  iiik  would  b«  tbe  ca«e  I    (|  OX) 


^ 
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14.  Gire  ma  «zp1iinUt<iti  of  iliu  hardening  and  adhadon  of  mortan  «kd 

16.  When  railkof  IttnriofpiwadoverwalLi  tn  th«pruceuof  whitowiuli- 
log,  what  comiiotuiii  u  fonnvrj  on  thti  aarfatM  I 

I&  ![ow  mattfoulttaiaMrwof  CUgOnbeaUorbedbjraqiuutilTafiiiilk 
of  lime,  cuDtoining  1 12  kilo,  of  liina  [CaO)  1 

17.  When  Iiiue-u«tGr  ii  flhtJceu  ap  vrhli  CO,  it  b  renileKd  lurbiJ.  How 
do  yon  «x[>tuui  ihc  n»ction,  and  to  wlial  ttpiilicnlioQ  ot  limvwatcr  in  th« 
loboralury  tlou  il  poiut  ? 

15.  In  onlorto  render  too  Idlo,  of  tftlaodaoMutic,  liow  madiquiclE-linie 
tut  l>«  used  I    tioa]  Als.  6M.83  kill*. 

1ft.  How  siany  litres  of  dtlorine  gu  would  be  obwrbed  lij'  100  kilo,  of 
(Cat/)  fint  changed  to  bfdraUi,  Hud  buvr  much  UnO,  nioRt  be  UMd  lo 
the  miuiulv  mnoiuit  r  Ann.  in  jHirt,  Sfl.M  liiiw  of  cli]i»{ii& 

ax  Bliarhinjj  hi11«  have  l)«en  k^orIhI  u  a  miituM  of  c*l«ic  diluridc 
oildt  hypochlorite    How  would  j  ou  wttU  thu  lymbol  on  ihU  Iheoiy  I 

SI.  ViepK»mt\)f  gnfiik  Kyia\)oh  CaCO,,  CaO,,  CaOOt,. 

JtH  The  [vTMntnge  compoaitioii  of  Uyp*um  it  cRlciiim,  S3.S6  ;  Bulpliur, 
.61  i  ox.vg«D,  3T.£1  ;  wKtu-.  30.»a.    C^cuUtc  Ih*  ^yiobot. 

S3,  b  the  iiii:matatiou  uf  dtciuti'bpilun  by  >iiM>]iible  micic  mlpliat^  due 
Uk  Mtoe  tUMiu!  an  Ihe  iucriuUitiuii  of  tvlt-paa*  hy  Qyj«um  1  £x]iltiiu  ths 
rereocc 

24.  If  the  coldutn  «0Dtaincd  in  one  cnbic:  dccimetra  of  An1iyilr{l«  oonU 
icplnou]  by  tt^,  what  would  b«  the  volume  of  the  pmduftt  foniioil  t 

25.  If  a  conmitrotrd  mlutian  nf  nfidii;  nulphntp  U  mixnl  n'iih  a  concen- 
trnlcd  Kilntioii  of  cab.ir  nhlnri'lr^  the  whole  iiuua  Ikt'iitik-o  luAui.     WriU)  the 

I,  and  ciplnin  what  bccunnt  of  the  wnt»r  of  MJution. 

Ani.  (Aa^W,  -f-  Caat+  2//,0)  =  3  NaVl+OaSO, .  2 11  fi. 

26.  How  cotilil  yon  AvUxl  tbo  ptMsnoe  of  nilpburic  acid  and  liiae  in  « 
BolntioB  of  GypBOni  I    Write  the  tiMction*. 

27.  RcprnieDl  the  wnnitntion  of  Apatite  bya  fi^pbie  cyinbal. 

S8.  now  Diny  you  ivgnrd  Apatite  aa  dorJTed  tram  odcic  hyiimin  I  Whu 
important  port  doea  ilnorine  play  in  the  eotnpotuid  t    Doc*  not  the  prraenee 

nicb  a  univalent  dcmetit  in  thi*  compoiud  (bmiili  an  a^mcnt  in  &vor 
lo(  the  bivniciice  of  oJcium  1 

Sft  How  much  bydroehloric  adil,  Sp,  Or.  1.1,  will  b«  rwiiiirrid  to  dia* 
olre  SO  gntmmci  cf  chalk,  and  bow  ni-tny  litrM  of  3?I>,  could  be  thns 
DUainedl  An«.  179  gnumnca  of  ucid,  uid  U.lfi  liue«of  CC,. 


29.      II 

r:      tfnted  no 
^kwctioD, 
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30i  fif  wliBt  mgle  maiom  could  yon  ebrage  k  ulntiaa  of  ealde  wlom 
into  A  MiDliati  of  nilrc  ? 

at.  Conipcm  Ui«  molecular  volumea  of  tliiriialivocMtrtxviutm  of  (tniiiaM, 
Utraun,  and  lead,  witb  tboic  of  Aifgonite  Mid  OtldtA. 

33.  Write  tli«  roMtious  hy  wUicb  iiUt>Bti«  «&d  baric  mlpliBWi  mmj  k 
pRrpuRxl  from  ibe  curreepotuliii-;  uilnitnt  or  cUuride*. 

33.  Analyii;  itie  rvoclioiui  I>,V  whicti  tlie  cMotid«*  mud  nitntta  of  »!»• 
liiiui  ati<l  buriuni  mar  Lw  |>i«|uri)d  fn>m  Ibe  coiro^wwljiig  aiil)ibUM,al 
ebow  wby  nicb  a  oirciulous  uieibod  u  aM««»7. 

34.  Cuniiwre  tb«  niulecubir  volume  of  the  Mlpbal««  of  tfau  gniiip  wU 
tliAt  of  I  be  com.'apoudiiij'  caiboiiatet. 

35.  How  may  aalutiuiu  of  caide  and  stiontic  sulpbxUa  bo  iubI  to  drftu 
barium  and  »minliiiiu,  «Ten  If  mixed  (ogeibor  in  llie  amw  aoltUMB  I 

36.  Euowiiii;  Lliut  Bulphuric  add  if  in  «xcoM  will  CQin{iletel}r  [>wajJU> 
barium  and  elrontium,  bow  can  yoa  detect  tlie  pwenon  of  Uom  in  a  Hlmia 
couUliiJiig  all  lhr«e  1 

37.  On  nhaldoea  Uie  aaei>f  tbe«alt«of  buiuBiMi  taatafvrnltdmricid 
d«peiid) 

3&  To  buw  luucli  50|  duea  0.902  Kramroe  of  baric  anlphMa  eaOMfnlt 

Sfi.  A  quimtity  of  Witbnritc  wd)[liiiig  0.901  gnniDa  ««■  iHimJuJ  • 
lyrdiootilorio  aciil  and  prvcijiiuted  with  ntlpburic  acid.  Tbe  jii  1 1  ![«> 
irtxn  waillMt,  drkd,  and  t;{i;ilal  weij{bed  0.600  gnuanw.  Wlut  per  c«l  i 
barium  does  tbe  uiueral  uoutuiii  I  Ana.  eOlST  par  tml 

40.  Boric  acitl  Htruntlu  carbmiaten  ore  luA.  Mk«  caldc  cArbonaM,  saCr 
decompoti'd'  wliuii  bualvd  iu  (he  aii,  but  r«u(Uly  give  off  CO,  [f  btwl^  ia  ■ 
atnitHphera  of  bydrof^ii.  Huw  do  jou  eaplain  lliew  faoU  I  and  ik  A4 
conflnii  or  otb«rwi««  your  antiwer  Ui  quotiua  13) 

41.  Wbat  i*  tbeperccnUigcofltndin  tbe  threa  minnrala  AosMla,  Ck» 
aiic,  and  Gnlcna  1  Am.  Ba.32  %,  7T.S41.  MOl 

43.  Analt-M  rooctJon*  [191-103]  and  alale  tbe  gcn«nl  Uteitfy  at  lt> 
■melting  juocem,  including  tbe  removal  of  tbe  gaague  aud  ibr  rolMta' 
tbe  on:. 

43.  Explain  iho  peculiar  action  of  lead  with  acid  aolranta.  Wb;  ^ 
(be  ailrk  acid  be  dilated,  and  to  wbat  extent  I 

-l-l.  fluw  nuuir  kilo,  of  Utbargs  can  be  obtained  fmm  37.1  Inlo.  J  bit 
and  wbat  Toluiuc  uf  oxygen  gaa  wonld  b<  abaorbed  in  tbv  promu  I 

Ana.  3S.)WltibxaBdIa7 
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45.  Bepraent  the  plumbic  oxides  and  hjdntes  bj  grephio  sjmbols, 
■ad  show  how  the  condeciaed  hydrates  ore  related  to  the  aBSiuned  nomul 
bfdiate. 

46.  The  actiou  of  nitric  acid  on  lead  depends  on  the  degree  of  ooncentrft- 
tton  and  on  the  temperature.  Write  the  reaction  assuming  that  ^,0  is 
fonned ;  also  assuming  that  ^0  is  formed. 

47.  How  man;  kilu.  of  crystallized  sngat  of  lead  con  be  made  from  6.69 
kilo,  of  litharge  1  Ans.  11.37  kilo. 

48.  How  much  lithaige  will  a  solution  containing  11.37  kilo,  of  sugar 
of  lead  dissolve,  assuming  that  triplumbic  acetate  is  the  product  formedl 

Ans.  13.17  kilo.  i*0. 

49.  Write  the  reaction  of  CO^  on  a  solution  of  basic  acetate  of  lead. 

&0.  How  may  the  basic  acetates  be  regarded,  as  derived  from  the  normal 
hjdratesl 

fil.  Write  the  reaction  of  dilute  sulphuric  acid  on  a  solution  of  plumbic 
nitrate. 

fiS.  Represent  the  constitution  of  Pyromorphite  and  Mimetine  by  graphic 
^mbols. 

&3.  What  is  the  derivation  of  the  name  Pyiomorphite  t 

M.  Will  the  whole  of  the  lead  he  precipitated  from  iU  solution  in  acetic 
acod  by  an  excess  of  HCl  -i-  Aq? 

fiS.  By  what  reagent  may  you  precipitate  the  whole  of  the  lead  &om  a 
solution  of  one  of  its  salts  1 

66.  Why  should  a  solution  of  PbO  in  lime-water  blacken  the  hair,  or  any 
other  organic  material  containing  sulphnrl 

C7.   How  could  yon  detect  the  presence  of  lead  in  water  1 

6B.  From  a  solution  containing  all  the  members  of  this  group,  how  could 
you  separate  the  whole  of  the  lead  1 

69.  The  solubility  of  the  compounds  of  the  elements  of  this  group  di- 
minishes, OS  a  general  rule,  in  proportion  as  the  atomic  weight  of  the 
metallic  radical  increases.  Does  this  fact  conform  to  the  law  which  gen- 
•rally  obtains  in  chemical  series  in  regard  to  the  chemical  energy  of  the 
diffarent  members  1 
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3ir.  BUONBSnrM.  \fg  =  24.  —  BiralenL  One  of  Um  nu 
widdy  distributoij  rl<-.iirnU,  oltboUi^  nul  •»  abundiuit  u  CalocK 
with  wfaicb  H  is  amnllf  vmataaHxA.  In  mido  of  iU  raljitioDB  B  ii  nq 
doidy  aQied  to  cttlciam,  bat  also  difr«n  ftom  it  in  many  UnpiDtKl 
Tcapecta. 

81$.  HetaUlo  UagnMlniB.  Jf^,  is  leadily  obtain««]  by  deeoBpai^ 

til*  anhyitruuB  ctili^nile  with  raettlUc  sodJam,  and  also  by  <J<iUnJp». 
It  i«  «  cilrcrwhite  ntelo],  nwltins  at  a  red  h«at,  aad  voUtfliaigiH 
high  l«niM«tino  in  an  atoMtphen  of  hydrogen.  It  is  malltaU'-  ;- 
ductile,  bausoepUUo  Qf  abigb  potkh,  aod  dew*  not  tairi'*'  in  4i^  :_ 
H«at«d  in  th«<  air  it  takca  Gr  and  bunia  with  gmat  ephatdor  [AG],  mk 
it  is  now  mui-li  used  at' a  aource  at  pom  white  light  when  giwt  tail 
lianoy  la  tmiuitlv].  Boitilig  vat«r  acta  upon  lli«  tnctal  t|uit«  lapU^ 
but  cold  wat«r  in  d^ooni^KMed  oidy  wty  •lowly. 

219.  Hagneaio  Oxide  (CaUdned  MacDBaU).    KgO,    ia  ol 
wbon  the  nirUl  U  burnt  in  air.     It  cao  alno  bti  obtained  by 
the  carbonate  or  tho  nitnto.     It  U  a  bidky  white  powdir,  wluHi  k 
fiuiUe,  and  emitting  a  bright  white  tight  w1i«d  boated  befon  tlir  Uw 
pipe.     Intenaely  bad«d,  it  appeon  to  voktiliie  unchangod.    Vh* 
mixed  wilh  wator  it  slowly  ttniuu  with  il  to  Tona  a  hyilnta.    lb 
oxido  obUuncd  bj  calciiiinii  the  nitrate    i«   much  denser    ibaa  lltf 
made  from  the  carbonatv,  and  poewaMS  mnarkable  hydnuilic  <iu]ia>- 
Wbea  mixed  with  water  it  soon  aeta,  fanuiog  a  hard  cnmpict 
foaoBbliag  marble.     If  tbe  oxid«  ia  bested  to  a  vtry  high  tcispak- 
tan^  it  loaea  lu  povw  of  uniting  with  water,  and  fttaaalvH 
■lowly  even  in  thu  strongest  ackU.     CryetAlUxad  MgO  <Fg»  2S  ti 
27),  I'onclui^,  hiw  liccn  found  in  amall  graina  intbedded  in  a  lt» 
atone  rock  ejected  from  Vmuvina.  but  otherwiae  it  doen  not 
combined  in  nttnrv. 

3SV.  lla«a«ale  Hydrate.  M^O^-ll^,  i*  fouud  aaUre,  ujiiffirf 
in  large  hex^^ital  pUtes  (§  10"),  Brucite.  It  can  b«  n«ddy  f-**^ 
aitifidally  aa  aliovo ;  aba  by  adding  caastic  potash,  aoda,  tit  haja 
to  tlie  solution  of  any  of  ite  asUs.  Il  ia  bol  very  ali^htly  «Wik 
in  water,  y«t  sufficiently  to  ^ve  a  diatinet  alkaline  rssdion  (fM 
It  ahaoibs  CO,  slowly  bom  the  air,  but  much  mom  alowly  Uhd  aM 
hydnle. 
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221.    Umgaa^o  Cwbooat*    Mg-OfCO.     Sp.  Gr.  3,056. —Tho 

lincnU  Muguiwiti.-,  tsuiuurplioun  with  Cakite.    IiisoluUle  lu  puru  wiitiir, 

.  in  carbonic  acid  wAter  mure  cplubLo  Lhau  oiluic  carbonutu.     'i'his 

lation  ia  nach  luntl  as  a  iiMtdicmo  (littttiii  mognMu).     If  uxpcmd  to 

he  air,  the  raogsesic  caibouate  slowly  wpomtcs  in  crystolliuo  tlakv^ 

ntaiiiinK  tlii«e  moleculea  of  water.     Anhydtoiis  magnosic  carbonate 

I  not  miti!}'  obtoiiml  artificially.  Tlie  praci{utat«  obtained  on  additiji; 

Klin  cntbonaba  to  a  boiling  aolulioii  of  a  inacneeic  salt  is  a  iniitun:  of 

ic  carbonaU  and  mognme  bydato  in  varioUu  pnijiurtiotui  (Mng- 

'  Alba).    The  piodudr  however,  appoan  to  bo  a  mixturo  of  soveml 

iut«compoun(boftlieie  two  salts;  audacry»tallinomin«niJ  is  known, 

HydnHniignisiUi,«>'lii<li  hov  the  formula //^.tiT/, Oj^, .  2^0,  or 

Ma^iMJc  carbunatfi  is  found  united  vritit  calcic  carbonate  in  tho 
minnnd  Dolomilo  [Sp.  Or.  3.9).  Tliis  is  by  far  the  inoHt  abun<huit 
ttativo  compound  of  magnesiutn,  and  forma  in  many  localities  oxten- 
dv«  beds  of  rocka.  It  occnrs  in  large  and  weU-definml  crystals, 
vrhich  ai«  iaomorphoua  with  ualcito  and  mngDcnlto  (Fig.  3S).  Tho 
miiierBl  1:1  Mimewbat  vurinblo  in  its  compocdtiOD,  and  may  either  bs 
ardiHl  an  an  isomorphous  mixturo  of  thaae<  two  aubitaucea,  or  el« 
a  di7liiiitn  compound  mixed  with  an  exceoi  of  ooo  or  tho  otlier  of 
oon«titii«iite. 


A>C?0,  +  OtPO,,    or    {irffO,y(C'0,-0)'(CaOd. 

caldaod  at  not  (oo  high  a  tempomturo,  tho  magnocic  carbonntQ 
■Iqim  decomposed,  and  a  product  ulitninnd  wliich  forms  an  oxcollent 
lUlic  cement.  From  the  calcined  mass  tho  magnesia  can  be  dis- 
.wed  out  by  carbonic  aci«l  water  and  &«ed  from  the  lime.  In  thb 
poM  maKiiMJc  carbonate  ia  proptind.    ' 

22.    HagnMlo  Sulphate  (Bpaom  Bait).    %.?0,  .  7/^,0. —Tho 
t  iinjiorlant  soluble  sail  (rf  u))kgQi-i<itiiu.      ObUitir'd  from  lJ»  bitt«m 
•o^watu,  or  by  trmting  the  native  carbonatm  or  Dolomite  with 
mio  acid.     It  ia  a  very  common  ingredient  of  mioeml  vatets, 
tiwee  of  Epsom,  and  is  formed  wbon  wxtat  mtarated  with  gypaam 
lllers  through  Dolomltii;  rocks.     The  salt,  with  seven  moleculM  of 
,  i*  dimorphous,  crystiillixing  both  in  orthorfaombiu  fuima  ho- 
ihom  with    ZnSO^ .  7  HO,  and  in  tuonodiitic    forma   iaonun- 
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pbooft  with  FtSO^.lHO.  It  may  aI«o  be  obUinad  orysUltuftl  irith 
1,  S^  jt^ . . . .  12  iiiuli!cul(!«  of  n-at«r  iliutnr  rcgtiliUmt  conditbua,  chullj 
of  Untpcntaro.  Tba  compound  itgSO^.  U^O  (Kieaefitc)  u  found  id 
tbo  StaMliirt  oalt-bedj,  Kpsoiu  salt  is  nducwl  to  Uie  tame  a>m^<mS)m 
wb«ii  hwtted  to  150",  bat  th«  last  molecule  of  w«t«r  is  niUtnwt  evm  il 
300",  uid  this  leads  lu  to  beliere  tbat  it  forma  a  i<an  of  lb*  iimI» 
cul«  of  tlie  (alt,  wbtMG  formula  would  then  lio  writtvii  UgOtS&Bs 
Tbis  opinion  is  oonlirmed  by  findiitg  ibai  tliia  luulccule  o(  waur  Wf 
b«  T«|>kood  by  th«  molvcula  of  an  iilk»liii«  •ii]j>liat«,  fiprmiDg  a  dcmhli 
wilt,  wliioh  nryRtiUliic*  with  6 11^0  is  ibo  auno  form  aa  magaeaic  nd 
pbn:«  with  7  Ufi.    Tho  symbol  of  tbe  potoah  aalt  ia 

« 

Epaom  aalt  diasolves  in  about  tbteo  times  its  weight  of  ookl  wal«  It 
is  a  ralualtlo  medicine,  but,  like  all  the  soluble  lalls  of  ^fffvrr>™,  D 
Itoa  a  billirr,  <Uji|TU*tinK  huiht. 

223.  Macnmtlc  Sllloxtoa.  —  The  wl^I^kDo«-^  miacral*.  Scrptotlli. 
Tiil«  (Soapitono),  and  CbrytoLito  (Oltvino),  ««  MeoaUaUy  maflMW' 
8UicBt«a ;  and  in  many  other  tuttiv«  silicatw,  including  the  HomUtodA 
Augites,  Chlorites,  snd  aome  varieties  of  Mioa,  nmgneaium  la  om  ' 
Uk  pTii>ci;ia]  \i!.\fi<:  ndicalj^ 

324.  Slagnoaio  Chlorlda.  JlffCl^.  •—  Finmd  dimolrod  in  aoa'^nlK 
and  tho  cahko  of  its  hitter  toatci.  Obtuned  by  diuolTiDg  magneae  a^ 
bonat«  in  hydrochloric  acid,  and  evaporating  in  an  atmoaphtN  if 
hydrochloric  acid  gts.  If  craporated  in  tbe  air,  tbe  aalt  is  pailiillr 
decomposed.  Very  fnsIblA.  ITwhI  fur  making  magni^siani.  Fm* 
double  salts  with  slkalini>  chlnridc«  ($  IM). 

225.  Cbantoterlstlo  Reaotloos Magnesium,  although  chwly  >* 

lato<l  Ui  mkitira,  t«  distin^iiihcd  fmra  tha  alkalin«  eartha  by  tlin  gra> 
aotnhility  of  its  sulptiab%  abo  by  its  tond«Qcy  to  forai  aolubls  dioU* 
salts  with  amraoniom,  in  consequence  of  whkh  do  predpitat*  b  lim*' 
in  solutions  of  its  salts  either  by  amiuonia 'or  amraoniflearboBat(v*li* 
sufficient  excess  of  some  ammonium  salt  is  pratenL  The  antmraf^ 
nagneaic  phosphate,  however,  {Sff,),iIg'O^POAlItO,  is  inttWt 
and  is  formed  whenever  aodic  pbospbota  U  sddod  to  as  aiiiiiiiiaiiirf 
sduliion  of  a  magDosiura  salt  Tbis  i«*ctios  fltnuabes  the  noat  diDB" 
leri  fnr  ma^Minm  eallA. 

S2d.   zmc.  Zn  =  S0.3.  —  BiralenL    One  of  tha  mon  abaW 
melallk  alaoeDts.     The  principal  om  tn 
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Red  OiWe  of  Zinc,' 

]tli^:i<ii!', 

SmithaonHo, 

CaJiimitiGi, 


ZhS 


laatatAxK, 
Tiimetric. 


I  oro8  are  reduced  bjr  fint  roasting  or  calcining  until  tlie  in«tttl  a 
the  condition  of  an  oxide,  and  th«n  distilling  vrith  a  niixtura  of  coaJ 
cnttbcii  Ritortd  or  luufQos. 

•l-il.    MctaUlo  Zinc.   Zn.  —  Sp.  Gr.  6.8  to  7.2.     J-'umw  at  500". 

BoiU  at  n  nd  liciit.     '\'\w  [>oliiilii»l  mirTacc  baa  a  bright  lustiv,  with 

a  bluish  tint,  but  soon  tAraisti«fr  iu  moist  air.     Has  a  cry«tallinu  Htruc- 

|ture,  bul,  altliough  brittle  both  at  a  high  and  a  low  tviaprmliirc,  it 

ay  rtuidily  be  tuUed  out  into  sheets  at  n  tcni])cratiire  of  about  140". 

Iiix-t'xiuc  \s  noaily  m  clicup  an  xhect-troa  ;  ami  Fincn  it  ilor«  not  nut, 

at  most  only  very  superficially,  it  is  prcfomblo  for  many  pnrpoaee. 

on,  bowevt<r,  is  a  much  Htronger  metal,  and  ia  fluently  coated  with 

ino  to  protect  it  from  rusting.     H  '*  tlien  «aid  to  bo  ptlvanixcd.   Zinc 

lily  dinaolvea  in  dilute  lu-iilH  with  tht-  evolution  of  h}-(IrognB,  and  ia 

H»wl  in  tho  Inbomtory,  together  u-ith  dihit4i  ndjihuric  acid,  for 

this  gaa.    Th?  motal  i«  l!r«t  gninuUt4d  by  pouring  it,  whan 

into  vator..    When  biMlad  vith  a  soIutioD  of  canstie  aoda  or 

a\n»\i,  it  ahio  diiiaolvea  with  evolution  of  hydiogen. 

Zn  +  {2  KO-H+  Aq)  =  (K^OfZn  +  Aq)  +  BlIU.     [203] 

It  IK  iinpil  n*  the  electro- pontivc  metal  in  the  galvanic  buttery. 

33S.   Zlncio  Oxlda,  ZnO,  which  in  made  in  Xax^  quantiliea  by 
ning  line  vnpor  at  thp  mouth  of  tlin  iwluction  fumncM,  ia  a  very 
lit  wbit«  powder,  mnch  UBed,  when  mixed  with  oil,  aa  a  whito  punt. 
,  denser  oxide  ia  obtained  by  calcining  lincic  nitrate, 

Zlnolo  Hydrate,  Zn'Ho^,  ia  formed  by  the  renction 

(ZnSO,  +  2  K-H.J  +  Aq)  =  ZwHot  +  {K^SO^  +  Jj),   [204] 

I  ia  voluble  in  au  exceas  of  reagent. 

230.  Clnctc  Carbonate,  ZnCO,.  is  iaomorphous  with  Mogneaile 
^nd  C'fllciu^  Whrn  pn:|iared  by  iirecipitaliou,  a  mixture  of  hydrate 
land  carbonat«  ia  formed,  sa  in  J  SSI. 

231.  Zincic  Snipbate  (WhlW  TItriol).    ZnSO,  .7  IT,0.  ^Yety 
•cduble  salt,  im.  m  irplioua  nith  Kpecim  salt,  which  it  closely  rrwniblfla 

*  The  <alor  is  iliui  to  UuprewDMotainiaU  aBOual  of  manpuun. 
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in  tnwA  uf  its  dwmical  nialioiw,  fonmis  nmikr  doable  saltB. 
ntion  lu  in  [64],     UmhI  iii  i^nuaof. 

332.  Zlndc  Cbloiid«.  ZnCtf — A  wiloUon  of  xino  io  bjntraeUaii 
>cid  can  be  cuucciilnittid  by  crftfioratioii  witluMit  dMonipoisitiaiL  Al 
the  water  is  not  drivoo  nff  until  tho  t«mi>oniti)ra  nuinlirs  3&0'.  D* 
result  U  a  tbick  synip,  which  fornu,  on  cooling,  «  wliit<<,  <)eliqii 
Mild,  ni^llini;  ai  100",  called  by  th«  akbomuU  flutter  uf  Zinc  It  !■ 
an  intense  afllinitr  Tor  wat«r,  anil  by  it«  aid  tb«  elenidutM  of  walvr  ■■} 
fnxinnntly  br  n-inovf^I  from  ■  Gb«mi«»l  compound  williogt  pmJmJf 
any  fiirtli«T  chnngc.  T1iu«,  alcvibol  may  lio  oonverted  by  it  into 
or  etbyleneu     According  to  tho  proftortion*  nued,  wo  fa«To 


or 


U  ia  alM  ami 


For  tlw  tuinn  muon  it  acts  a»  a  cautery  on  tbo  akin, 
in  (olution  m  an  antixr|itii-.  and  i]i£!iifi.''^liDg  o^nt. 

1233.  2tnc  and  tbe  AJcobol  Radloala.  — ;{jnc  Metbul»,  ^b*(I7^, 
Zinc  Ethide,  ^ii-(C,/fJ,;  Zinc  Aniyli*lo,  Zn-(C^//„),.  0UwrT*4  fiy. 
(St.  of  rapor,  3.29,  4.26,  and  6.95  n!«|>cctiv«ly,  OhlsiijiBd  botit  Ij 
beating  zinc  with  the  iodidra  of  methyl,  othyl,  or  «inyl  in  n-nlwl  tabK 
and  by  the  action  of  duo  on  the  mercury  coni]>ound«  of  tbo  win*  wfr 
cab.  Thuy  arc  all  tliro:  colorlow,  truujHUvnt,  strongly  rebactin^  lai 
mobilri  liquidft.  Thity  ato  also  rotntilc,  Iwiling  at  the  temiwnOina  rf 
40*.  118°,  and  320°  roapectiroly.  Th^y  ora  likowiao  bi|jUy  tnlim» 
ble,  and  the  first  two  take  tiro  apontancoutJy  in  ibo  air  As  tha 
oompounda  do  not,  as  a  wbole,  eumbJiM  with  any  of  xha  "^w— t*^ 
their  molccnlua  urv  evidently  aatiuntcd,  anil  tbcy  are  tatviMtiM  • 
fixing  Ixiyontl  all  doubt  the  atomic  rolattoiM  of  zinc  Monona;  Ikf 
are  uaeliU  reagonts  in  many  proc«ast«  of  organic  cbetnistiy.  ' 

334>  Cliaraet«rlalle  Reaotlona.  —  Zinc,  like  mogneahtM,  lets 
■olublo  UnubU'  oults  with  oiuuiotiia,  tmt  it  is  eonly  distlngmM  If 
tba  Eict  tlul  it*  Kilpliido  ia  imolnblt^  not  only  in  aoluttuna  oC  tii*  fiiU 
olkalirii,  bitt  nl»o  in  those  of  ammonia  and  the  ommoniiiB  allt 
Uoace  it  is  prccipitatod  ftom  alt  alkatino  solntionn  by  B«)(Allrtti4 
hydrogen.  The  sulphide  thua  obtained  is  a  wliitu  prectfihalB,  aolal* 
in  dilute  minenl  nci<|j«,  but  inwdublo  in  aoetie  aeid. 

23fi.  Cadmium.  CJ  ss  111—  %  Gr.  &69.  Givniwat.  i  an 
pontivdy  rare  clement  ascociatcd  with  one.  As  Bictenic  adm» 
'u  more  ToLatile  than  its  assoeialo,  it  •oeumoUtes  tn  Uie  dml  vW 
coUocts  in  Ute  early  atagoa  of  the  proceaa  of  dlalilUtig  aus  tailB 
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a!um  rMemblea  emt  In  fonniiig  nuiUi  axidaa  and  hydtsl«a 

gr  Milubli-  luJui.     But,  on  Um  otiwi  hanil,  il  (liETL-n  from  liac 

many  importAiit  n«iiMU.     It  m  1u»  toliible  in  itcitUi,  iU  lifdnita  ia 

oluble  iu  c&urtic  olkolir*,  H»  biuic  carbonate  b  insoluble  ia  exocm  of 

uoiiie  carbonAte,  and  ite  jelloir  gulphide  ia  insolnblQ  in  cold  dilute 

liiieml  uctik  io  lyK^ence  of  ff^S.     Thio  sulphide  U  found  in  naturo, 

ad  tin:  luiiicnd  idt  cailud  tinwQoakitc     Tbu  fttil|i)udo  obUinod  by  j>Ttt- 

Bpitatitig  A  solution  of  u  mlt  of  cndiDiiiiu  with  /^S  in  much  uHcd  as  li 

{laiul.     Th«  great  Btability  of  this  GuJ|>hid«  ia  onn  of  tbc  iao«t 

i:b>rl9tic  fe&turos  of  cutdQiium.     CJadmic  snlphnlo,  if  hr«tnd  in  on 

iiOB[ihi-n.-  of  HrS^  ia  T«adilj  reduced  to  the  sulpbidv,  ond  this  nn«- 

on  bos  ti<.-<.-ii  uii«d  fur  dutenuliiiog  the  atomic  weight  of  the  elemeot. 

Einc  pteci|)itBU'»  ciidmium  from  eoluLions  of  Jta  salts.    Cadmium  melta 

243%  uul  nn  olloj  of  cadmium  with  liiod,  tin,  and  bbmuth  melts 

''''    Cadmium  boils  st  6lH)°,  and  the  Sp.  Gr.  of  ita  vaix>r  has  beea 

to  bo  06.69. 


QUESTIONS  AND  PROBLEMS. 


I.  Write  the  reaotiou  of  «udium  on  magtioiic  chloride. 

3.  \Yiivii  wai«r  la  ilNoupoted  by  luagncciuui,  what  are  the  prodoclaf 
rritti  lb«  ruacDou.    [3S.] 

a.  How  du  yon  account  for  the  intense  briUiancf  of  the  light  emitted  bf 
iniig  mit|tn<^ium  1    (J  81.) 

4.  Will*  the  reaction  of  water  on  caldned  magnciiiiLi    [41.] 

ft.  Write  tlie  rciflirtion  of  aactlntiuti  or  caustic  lodA  on  a  •olulion  of  moKneric 
tide         An«.  (MgCI^  -f-  3  .Valln  +  Aq)  =  M'jlh^  +  (3  A'ati  +  A^). 

6.  Rrprmmt  the  compoeition  of  Hydromngneaite  by  graphic  Ryrabola. 

7.  R^prtMHit  graphieaJIy  the  compound  ntdicaU  iffO^,  CaO^,  ZttO,,  and 
tbeir  relations  to  bfdroiyl. 

8.  RcprcMBt  (cntphieally  the  oompontion  of  DolomHa. 

9.  ffliat  do  you  undctsUnd  by  the  t«nn  iaomorphoua  tntiture  1 

10.  Explain  the  theory  of  the  pNpoiution  of  magneaic  carbonate  front 
olomite. 
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11.  Th*  qmbol  of  nugBMU  Mlpbat*  our  b«  writtca  aitlwr  MfSO^m 
UrOf'SOf,  ot  MgOt'HO, .    \Y\»i  diffunest  nsktioaa  do  thMa  fbnua  mg*  I 

12.  Write  the  rcactioi)  of  Kulphuria  acid  on  the  two  ooiiBLtlDeiiti  el  Dcfe- 
mite,  anil  iliow  that  pure  £poom  nit  luay  Iw  Ihat  p««ptt«d. 

13.  Write  the  Rttction  of  a  Kilutioii  uf  Q^pMim  on  magnarie  arbecut& 

14.  BcpHMStit  bjr  gnphie  lymbolt  MgSO^ .  B^O. 

\t>.  R«piCMmt  \ty  graphic  ijiabob  tlw  eompoaition  of  potaano-mgadr 
BolphFite,  uul  (ixpbun  the  ralatioiM  cf  tbc  ajvlAlUMd  Mlt  to  E|Mai  Mb. 

16.  Write  the  reactioa  of  hTdnKhlotic  acid  on  magaeric  cubotwU. 

17.  Extiloia  tho  decompontion  wbidi  naaltm  whm  a  mlutioo  of  mgHii 
chlorldt-  U  evnporotvd  in  th«  air,  and  vfar  ait  nunovpfaen  of  BO  ahd 
prevent  the  change. 

18.  Wlml  b  th«  difT-irence  bohreen  th«  nJatioiu  of  liufc  nxA  nMgaA 
earboiiala  to  calcic  carhonat«  t 

Am.  Tbc  lint  i>  TcUtud  la  Aiagoniu,  tbo  nccad  to  (Uri» 

10.  WluLt  b  the  difforence  botirt«Q  the  reactioiu  of  tudic  cariwutrs 
•oluljona  of  udclc  and  laagainic  mIc*,  and  on  what  does  the  diOiuHKcit- 
pesd  ?    Writo  the  roactioDS  ia  the  tiro  cokk. 

90.  What  i»  the  difference  between  the  mctioit  of  ammotiie  aartwaW 
tbo  auDfi  tolttlioiu  I 

%\.  Writ)!  the  KactioQ  of  vdio  pliofpbMe  co  sa  ainmoDiMa]  «fa(ta  ' 
lUf^iiesic  chlivid«. 
Anfc  (ifjCI,  +  yff,  +  B,\i^O,>PO  +  Aq)  = 

{NH,j,M^O,^PO.(J  H,0  +  {2S*a  +  ill 

Si.  Write  the  leaetioat  when  irinc  U«tide  and  SiiiitliMmitw  an  cakfaiJ. 
Ant.  ZnCO,  =  Z*0  +  CO,,  and  S2aS  -|-  3liXS»  =>  8  ZnO  +  9 51^ 

2S.  Writt  the  reaction  when  nnde  oxide  i»  reduowL 

Ana.  ZbO  4- C  =  On  +  •• 

M.  Wiilo  th«  mctMtN  of  dilut«  aulphuiii,  hydrochlorio,  and  aeotu  ai* 
OQiine. 

£5.  Widt  {Mtt  iae*  line  pky  ia  iwution  {903]  1 

S6.  In  what  diffarent  waj*  may  Um  ifymlml  of  ainck  hjrdiata  he  wtiiMl 

Am  Zn'OfH^,   Zn'tfof,  ZtOiS^ 

ST.  When  zinolc  hjdnite  diwolvet  in  csuUic  aodo,  what  ia  taauA  I 
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Sa  Wdt«  tlie  reaction  of  itwlic  carbonalc  upon  ■  mlntJon  of  ffatdc  Mil- 
pbMt,  tmwuing  tbut  three  mnlecale*  of  nncjc  hydrate  an  foimtd  to  9my 
two  luotecnln  of  duric  cnrbonate. 

An*,  (s  ZnSOj  -f  S  Xii/%  +■  3  //,0  +  Aq)  = 

2  ZnCO,  -f  3  ZoHo,  +  (S  jVa^O,  +  Jg)  +  3  ®a>,. 

S9.  In  what  iliffi-rviit  waj*  maj  the  (ytuVil  ti(  liiidc  tulpl|ate  be  written, 
both  Ibc  Bubjilruu*  suit  aiul  lh«  tail  with  oue  molecuk  of  water?  Repn- 
MDt  gnphicuUj*. 

SO.  Write  tha  tf  mbol  of  potntsio-iincic  sulphuti?.  Vi'btX  it  the  erjslalliiM 
fomi  of  ihh  double  uJt,  and  witb  how  many  muloculc*  of  wat«r  does  it 
trystiiUiie  I 

31.  Write  the  mictinn  of  ntninonic  8ii]j)Lidc  on  a  »olutioii  of  rincic  ral- 
[*al«.       Am.  (ZtiSO.  +  (A'/ZJ^'  +  Aq)  =  ZnS  +  ((A'tf J,SO»  +  dj). 

32.  Wnt«  the  reaction  of  iiuljihuKlt«U  hyiltogcu  ou  &  solulimn  of  uncle 
acetate. 

33.  Would  cincie  aulphtde  be  precipitated  froTQ  a  sulutloa  of  lincic  chlo- 
ri<1c  Mntmnini;  uu  eio^iui  of  bj'diuchluriu  a«id  I  What  la  ^e  dlffvronoc 
between  thu  om  and  thai  of  problem  3S  ?    (|  !iU}. 

C^dinitiiii. 

IL  34.  Write  the  ittaction  of  dilute  sulphnric  acid  on  cadminnu 
W'  35-  Wrile  the  reaction  of  eodJe  bjdrate  on  a  ealution  of  cadmic  mlphnte. 
the. 


i 


3(1.  Writs  the  reaction  of  siilphunittcd  hydrogen  on  a  eolulioD  of  cadwie 
.onde. 

37.  By  what  roa^nl*  may  cadmlnni  be  separated  from  nne  t 
Ana.  By  ni-talljc  line,  by  amiuotiic  carbouate,  and  by  iulphutctt«d  hy- 
drogen. 


98.  Show  how  the  atoinio  weight  of  cndmium  may  be  determiofd  by 
IvduciDj;  CilSO^  to  CJS,  To  whnt  known  RtnniiR  wrightn  is  the  atomic 
wdght  of  fodtoioni  then  rvfcrre'l,  and  to  wlMt  eiitcnt  would  eny  enrar  in 
ttuae  nUuM  ioBuuicu  tbu  i^ult. 


39-  Atenming  that  ihe  atomic  wel;;ht  ftf  tndraiui»  I«  1 13,  what  {afiuvDce 
I  Bwy  be  dnwu  from  the  Sp.  Or.  of  its  rspor  iu  rveard  to  the  constitution  et 
I  hi  meloenle  ?  DoM  the  conclnoion  have  any  beating  oa  the  molecular  con. 
^     ititution  of  other  biralont  olenionta  t 
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SOBWEGIUM.—  COPPEB. 


[*« 


DIVISION  XL 

9S6.  NORWBanTM.  AV=  U5.9,  if  ibe  oxtd6  isXgO.'-Va 
nan*  has  hwn  givi'ii  ici  a  meUl  obtatDod  from  «  auapb  itf  ooffv 
Diokel  of  KngMiA,  ^onrajr.  Tfao  color  of  Dm  mtlal  is  atid  bk 
whiUi,  with  a  alight  brovnuh  cast  When  jioliahad  it  has  a  ptrinAj 
lautAllic  lustre,  but  lUter  a.  time  il  betwmee  aov«iv(l  with  *  thin  &m  tt 
axiiliK  It  csQ  Im  UuiUiuihI  uut  ui  fto  Ag«l0  inottar,  aad  in  hnnlmi 
reeembles  ^opppr.  The  tudtiti);  |>oiitt  is  350',  ainl  Ui«  Sp.  Gr.  iMl 
Only  one  oxide  has  boan  obtttinod.  Witli  JJ^S  it  |[ivos  a  browa  «^ 
I)tii(l<^  «v«n  ill  strongly  Mtd  hfJrocblorio  add  Mlutioan,  whioli  n^ 
salvM  in  a&imonlc  suIi>Ulii».  Willi  putttwi«  fi-m^cysai'lo  il  fiira  ^ 
flist  a  brown,  but  vilh  lan^or  [trctpoitiuDM  •  gtwm  prKipitolc.  Il 
tlimolvea  in  dilute  §uIphario  iieid,  and  is  pmcipitated  from  Ibis  soblioi 
b;  metaUio  dno  in  ■  pulremlcnt  stato,  Tbe  soluliona  of  the  jneul  ti* 
btiio,  but  btconu  green  «d  dUuliou.  We  oopy  Um  doMriptios  M  it 
hu  boon  given,  but  this  do«c  not  give  tis  tbe  meau  of  daaai^riiig  tk 
eltnmtU  <uk1  wo  place  it  bcie  pioTiatoiially. 


DIVISION  xn. 


237.  OOPPBR.  Cm  =  63.  ~  Biraknt.  One  of  Um  most  abmdut 
netoK  and  known  fnni  great  antitjgity.  Of  its  orea,  by  br  tha  naO 
iu)]>otUiiit  i*  Copper  I'yntM<  I'fS,'Cu,  which  U  found  U>  a  gtealrrK 
loss  oxicnt  in  almost  nil  countries.  This  min«-ral  leoetnUea  in>a  pyritt^ 
but  b  distinguished  from  it  by  greater  aoIlDeaa  and  a  nuldinr  tini- 
Tho  Binelting  of  the  oro  is  a  cnmpl«x  ptuecM.  and  i-oniiists  in  an  liut- 
nuting  wrriiw  of  roMiitinga  and  melting)^  during  which  tbe  inm  piNO 
intu  tli«  oiiigi',  while  the  copper  aoenmiilati-ji  in  the  «i<x««siv«  "ntiUt,' 
m  they  an  celled,  until  at  lost  a  Dearly  pan  sub«Blphide  is  obtaiifli 
This  is  now  lipetcd  in  n  current  of  air  nntii  th*  mrtil  b  paftiil^ 
oxidiMMl,  and  then  the  mass  b  melted,  vben  tbe  fhllowlftg  readi* 
cesulte:  — 

2  C'uO+  Cit^=i  1  Cu  +  50,.  [206] 

The  crude  rectal  thus  obtained  roust,  liowovet,  he  subnMiDcntly  wSwA 
To  this  tail  It  is  fint  kept  melted  in  the  air  for  many  boan,  uotil  lO 
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impuntiea  are  oxidiied ;  and  Uieu  tlio  oxi(I«  of  coj^mt,  formed  at 
MUDO  time,  am  reduced  by  sulnnittiii^  tlic  mau  tO  tiiA  acliun  of 
irbonAcooiM  gtut^  wtiicli  nni  geoeratod  bjr  thrustiug  a  fetick  of  grvcn 
rood  iiiidcr  the  cioll«ii  iti«UL 

238.  Mauaiic  Coppar.  On.  —  Found  aativn  cr^irtjiltun)  in  torme 
of  lli«  i3om«tnc  sy^lem.  Hm  b  brUliaiit  limtro,  and  a  Runilinr  raddisti 
oulur.  Had  threat  liarduesa  and  UTiacUj-.  I*  T«try  ductik  and  malle- 
abln,  Mid  one  of  Uiu  batl  conduuUm  of  heat  and  cloctricitj'.  Sp,  Gr. 
8.8.  Fiwiat  at  aboiil  lnO".  \^ci|iitilju;«  only  at  a  very  high  tempera- 
taxis.  ItH  vnpor  IiuruH  witli  n  beautiful  gre«n  Banie,  wbicb  abovra  in 
Uie  s(wctioeci>i«  cbanictfiristic  bands.  Under  onliiiar}*  condilioii* 
oopper  undergoes  no  change  in  the  atmoBpbere,  bul  if  hiuiUid  t<i  r«d- 
BftH  in  the  utr  it  ia  rapidlr  oxtdtted.  In  |>ra«cnca  of  acidn  or  Kolntioas 
of  cblarideM,  like  wui-wHt^r,  oojiper  ubaorlm  oxygen  froiu  the  air  at  ttw 
Anli]iai7  t«inp«Ritiirc  and  in  mon^  or  het  rapidly  corroded.  A  simitar 
^effect  is  Alao  produced  by  ni|iin  nnininnta  and  aolntions  of  ammonium 
Jta.  Out  of  contact  with  the  nir.  dilute  bydnjchtorio  or  sulphuric 
1  hxrn  bul  liltJe  action  upon  inetallic  copper.  If  boiled  with  strong 
fdrochicnc  iici<l  in  a  Ktaiti  of  fine  division  (i^cmi^nt  copper),  it  very 
owly  dissolves  with  the  iivohilioii  of  hyrlrugen  gns  and  the  produc- 
Son  of  Cu^CI^  Under  the  mmo  couililions  sulphuric  atid,  if  not 
'  dilute,  is  deeompoaed  by  it,  ciipric  sulphate  is  formed,  sulphurous 
lidn  is  evolved,  and  the  reaction  ia  simibr  to  [151].  Nitric  acid  is 
be  best  eolvent,  but,  iiingukrly,  tlie  MtvnjfeKt  ucid  has  no  action  on 
!te  netftL  When  diluted  with  wntef,  batrernr,  the  action  la  very 
jolnnt ;  oiiprie  nitrate  ia  formed,  and  a  gn«  ia  evolved  which  i*  ftener- 
NO ;  but  nlien  the  acid  ia  very  diluto  this  product  i»  mnn  or 
:  mixed  with  JV,0. 

339.  Cuprtc  OxldM.  [Cu^  O  luid  CuO.  —  Both  of  tb«M  act  aa 
unliydrides.  but  the  second  yichi:*  by  far  the  moat  Stable  and 
apot1*nt  coro[)ounds.  [C'hJO  lias  n  nnl  color,  and  when  tnelled  iuto 
imparia  to  it  a  beautiful  niby  or  purple  culur.  It  ia  tli«  Red 
ride  of  Copper  of  niinenlogy,  and  is  found  Diaaoim  and  bcauti- 
ally  cryatalliied  in  rnrious  funns  of  the  isometric  system,  also  in 
'splendid  capillary  tufls  (Chalcotridiite).  CitO  ia  black,  but  impatta 
V>  glnw  N  KTt-eu  color.  It  is  found  aparinKly  in  nature,  ran-dy  crystal- 
lised (Bljuk  Oxide  of  Copper,  or  Mekconil^').  May  lie  pn-'imrw)  by 
roasting  copper  or  by  i},'nicing  the  nitnte.  Is  very  easily  reduced  by 
bydrugen  [CT],  or  by  carbonaceous  materials,  aad  is  much  used  as  an 
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oxidiniig  ngrat  in  tlMprM^e^of  «8ai^«Btl7cds.  Tba  feUovn^ir 
ftctiona  iUustnte  eomo  of  lli«  idttiMU  of  thcM  axldoi  ud  Uw 
hydtatoa:— 

When  odd.  {Cir'0,-5r0,+  2  K-O-ff-h  Aq)  = 

CuO,H,  +  (K^- 0,-S0,  +  Aq).    pm] 

By  btiUuift         (CifO/Z^  +  iig)  =  CuO  +  (^0  +  A^y.  [M] 

By  boUiog  with  gmpo  sugar. 

An  orange-j-ellow  Iiydtato.  4[C^'J0 .  ii^O,  ii  pracipitoted  on  bl 
vutuiii;;  til'-  )i<jiiid,  buC  thU  is  rotitidivd  nnlijiSroiu  by  boiling 

240.  Cuprio  8ulph«te  (BIm  Vitrtol).  Or-O/^O,  ,  5  .^0;,— Th 
nicwt  iinportaiit  wolnldo  suit  of  copper.  AlUxnigli  wImui  para  il  klvifi 
dytbdliaw  with  fin  moleculiM  vf  water,  m  above,  y  vi  ii  u  cspaiilr  >J 
fbtmingiionorplwiunixtiuwwiUifemiutsiilphau,  A-Oi-^O,.  7i^a 
'When  in  tliia  mixturo  the  eoppor  ia  in  lucouw,  the  crystola  uke  ft  J^ 
aud  ike  fonn  cr  cupriu  sulpbalo  (Pig.  4t}).  tl^  hownver,  Um  ina  ail 
oxew,  they  take  7  ^O  luid  the  form  oC  trmnu  sulphata  rinilv  b 
Fir.  JS.  Tbo  anhydrous  salt  ia  while,  but  Usoumoa  Uoe  oa  (taiint 
with  water,  for  which  it  baa  a  xttj  stroog  atfinity.  Uf  Lfae  fin  w^ 
cuh»  uf  wahv  with  wliich  tbo  oTataUiae  aalt  ia  united,  utie  ii  Ui 
mneh  mora  firmly  than  tbo  o4ber  foor,  and  may  bo  i«|jM«d  hf  ■ 
molMols  of  Ml  alkaliw  suipbato.  Tbia  (pvca  a  natsoa  for  wiiiisc  ili 
^mbol  of  the  aalt  thna :  Mot.Cu  OjiSO .  4  B^O,  In  lilu  hmumt  * 
^ubola  of  scvenl  aa-calletl  tauic  mlts  may  bo  written  tbtM : 

//«,.(  CWJ^JIS  (BiwAanti**), 

in  wliid)  tb*  group  CuOjH  n»y  bo  regardodaa  a  monad  radioL  Fi« 
aoluttOM  of  cnpric  sulphate  tbe  coppw  ia  readily  prwipttalml  hj  h 
oc  A. 

2n  +  ( C»SO^  +  Aq)  =  Cu  +  (^r^^-jO,  +  Ay).         p»I 

241.  CarboaatM.  — Afahwhita,  (CaC>,/r>,-Ca  Sams  eosfM^ 
nay  Iw  ohuined  by  rotxing  hot  sohitiom  of  mprio  mlplHia  aal  m^ 
fiubouate.   AzKitiU>,{CuO^Ba,^C^  oi  ffo,CuO^C'CmO^th0^ 


hS4Bu] 


coppEa. 
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Mywrin,  {CuO^G.    Nalther  the  nonnal  carbonata  CvOfCO,  nor  tin 
^Oitho  oarbonate  (6'uOj)^,  U  known. 

242.  jntratM.  —  CoO/(A'0,),  .  6  /i^o  when  CfyKtnlliwd  below  60% 
C«0,'(,VO,),  .3/^,0  wliCD  eryrtullMpd  above  60",  a  dcIiqueaMnt 

>  aaJu     A  gruen  biuue  nitmt«  ha*  tha  symbol 

243.  Caprlo  Ftioaphate,  (^hOJ^(/'0)„  is  obtained  on  adding  a 
DluUon  of  w^iic  |}liuii|>liat<i  to  a  sulution  of  cupric  tuJpfaato^ 

244.  Cuprio  SUicate.     BiopUiae,  M>,{Cu0^ySiO. 
2ii.  SulpUdca:  — 


Coi>per  (tinned, 
CovuUiuc  (Indigo  Copper), 
Copper  Pyritea, 

Erubeecito, 
TBtraliudrilc, 


JifS  U  pamvd  throngh  tho  noliition  of  a  copper  aalt;,  a  black 
npiUte  tJoUi  having  the  composition  Ou^S^/hf,  wbiub  rftpidlj  oxi- 
dizM  in  thp  uir. 

246.  FlDohydrate  of  Copper.     Ch'JIo.R 

247.  CUortdM.  —  Cuprous  Cbk>ridL>,  [  Cii,]  C^.   White  compouod, 
Jublii    ill    wulvr,    erj^tallixoa  in   tetniliodionii.      Cupric  Chloride, 

iGf.  1 /f,0,  cn-stnllizcfl    in  gnea  noodlw,  vciy  soluble  In   both 
at«r  luitl  nicohol.     Cupric  Oxichlorido,  (CUfO^yC'lj  .  4  /l,0,  is  much 
as  a  paint  (Bruaswidt  green),  and  the  mineral  Atacamite  is  tbs 
le  compound,  with  oulj  one,  or  at  most  two,  molecules  of  ff^O. 

248.  Cnprio  Hydride.     Ouff^.  —  A  bruwn  powdur,    which  gina^ 
I  liydruuhloiic  ucid,  Ibu  fotloniu);  romuikuble  reaction  :  — 

tt/F,  +  (2  W/  +  Aq]  =(CuCt,  +  ^9)  +  2  ff^ff.  [211] 

S49.  Ammontated  Componnda.  —  When  a  aolnlioa  of  ammonia 

of  ammouic  carbonate  ia  added  to  a  solution  of  a  aalt  of  copper,  th« 

ht  green  precipitate  iinit  pruduwd  nadUy  disaolvta  in  ati  exccn  of 

<  mfteiil,  prudiidii;!  a  deep  blue  mlution  ;  and  tiiU  ntriking  coloni- 

I  it  ODC  nf  tlie  moat  chantctoristic  toata  of  tlie  pretence  of  copper. 

edccta  are  caused  by  tbe  fonDfttion  of  cprt«in  remarkable  com- 

aoda,  in  which  a  portion  of  the  hydrogen  of  the  ammonia  appears 

have  been  replaced  by  copper.     The  following  are  a  tew  ex- 

npla*:  — 


wYscmr^ 


Ui 


SM>.  CbuftctwUtlo  Iftatioi—  ftod  U»*m,  —  Tiro  prwHwe  4 
eopper  in  a  ftututiun  tsay  be  leadll;  delscMd,  uot  oolj  hj  tmiaak 
M  ioilicniod  «1mv<!,  kul  abu  by  the  kctiun  of  poluhed  mm  (a  inidk 
for  uamplo},  wliicli,  in  ■  fucbly  aod  lolutiou,  mod  bocoEDM  wrmi 
witb  •  rod  mataUio  cwling.  Coppnr  ona,  vrlies  mixed  with  ftin^ 
an  nadily  nduoed  on  chnrcool  bwfon  Um  blowpipe,  asd  tlus  u  omiI 
Um  b^  neaiH  of  ncognuiog  such  oompooiids. 

Beaadee  tbs  nuflMroiis  una  o(  the  meul  il^vU,  coppn-  ia  nopliijWB 
tlie  arta  atUl  mora  ext«iUitT«[j'  wbeu  alloyed  wilU  oLhvr  mcUla.  7b 
varieties  of  bnus  and  y«llow  m«ul  an  alluya  of  copper  and  hoc  d 
difTm^nt  propurtioiu,  whilu  broiiae,  Wl-mctel,  gun-niBtai,  aud  apMikB^ 
niotol  are  all  naNDlially  alluj*  of  ooppor  and  tin.  Sevenl  ut  Iha  a* 
pounds  of  coppot  an  much  used  at  painta. 

2^1.  UiniCITRT.  /i^  =  200.  — BtTakni.  Tkia  elumrni  it  Ml 
widely  (luBtiuiiiui^d,  but  its  orea  an  abundant  fu  n  fvw  localitia^rf 
which  tho  niotA  ni>t«d  an  tdria  in  Austria,  Almndon  in  Spain.  5(* 
Alflindrn  in  Citlifoniin,  and  HtLtncavolica  in  Vcxxi.  Tbe  oret  al  d 
ttwae  localities  coDsLit  chipfiy  of  Cinnabar,  ffgS,  hot  the;  finptsd^ 
contain  a  tmall  quootity  of  Uio  metal  in  the  native  utait.  Theyv 
easily  amelt«d,  the  aulphur  of  tbo  OK  serving  aa  fueL  Tba  aastri 
Oiea  axe  arr&ngMl  in  hyvn  in  kiliis  of  peculiar  cooMtnictigti,  and  Ik* 
man  kindlod  with  brtiahwood.  Aa  the  atUphur  honks  awaj,  Uia  WB- 
cury  is  Tolnliliind,  and  tbo  prodiict*  thiu  f'<nn«xl  are  [niiw  il  thnn^ 
eartbcQ  pipes  ("oludcls")  or  briefa  cbomban,  which  Modfinaa  Um  n*- 
euiy  vapor,  while  tbo  <S0,  gu  eecapes  into  the  atmoaidiera. 


IfyS -t  0-0  =  Ifff  +  SOf. 


m 


In  tli«  PnliitiDnte,  uiicury  i*  obtained  from  euuiabat  by  mtxinf  ttt 
en  with  iimo  and  di»tilHng  in  iron  reloita. 


4  IfyS+  <  CaO  =  iC^S+  CaSO^  +  ^. 


m 


"S93.  MetaUlo  Marenr;.  %.  — The  only  aotol  Uquid  at  oniiatfT 
tmnpentiirai.  I'rteim  iil  — 10°.  Boilt  at  350"  and  nvajkinbe.  tA 
only  with  racaeding  downen  at  the  ordinaiy  tempeiatmc  S^  *•'' 
of  liquid,  13.5dfl.  8p.  Cir.  of  vapor  by  aipaonattt,  100.7.  But 
brilliant  m«taUtcIustn,siJvcr-white  color.    Inacdid  eonditiiMt  isntfr 
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ablt!,  <;ry»taUi»s  ju  ocUhedroiu,  ^.  Gr.  14.4.    In  •otitsct  with  the 

tuir  piuv  invn-'iiry  tiii<!(it){i>c«  no  cbsngo  ut  tbo  ordiiary  temperature,  but 
if  XxAXvA  ill  Uie  ntiaoqthora  it  i«  slowly  converted  into  UgO.  Uydro- 
vhloric  RcJd  \»  without  actioD  oa  the  metal,  ami  th*  samt!  U  tnio  of 
dilute  Buljihuric:  acid  Strong  sulphuric  acid,  howcri-r,  is  ilectnuiKiwid 
by  it  [131].  The  best  soItodE  is  nitric  add,  which  yields  tliHimDt 
'jiMiluL-Li  accoTilini;  tu  the  proportion*  <if  mntAl,  acid,  nnd  wat«r  used. 
Chlnricip,  lircmiiif,  iodine,  and  Kulphur  all  enter  into  iliivicl  union  with 
liiereun-.  Ity  simple  Iritiimtion  tho  liquid  mctAl  admits  of  being  me- 
chaiiiujilly  uiixed  in  a  state  of  minute  eubdiviaion  with  chalk,  and  with 
Bacchaiine  or  oleaginous  aubetancea,  and  many  imiurtaiit  pliannaccu- 
tioil  prcpuAtiunH  are  modo  in  this  way, —  bluiypitlii,  uurrcuriol  oint- 
,jnonta,  utc 

^-  253.   OxIdM  of  M«eniy.  —  McTOuroiw  Oxide,  [Wj?,!©.      Black 

OwdCT,  very  ui)»t*Ulo,     r^icomposdi  by  exposiir*  to  light  or  to  a  very 

ntlo  heat.      [Hy,]0  =  IIjO -^t- Hg.      Mercuric  oxide,   ligO.      Red 

FeryHtalline  acalea  or  yellow  powder,  according  to  mode  of  prepontion. 

IStuhli!  compound,  but  decompviwd  at  red  hnit  into  mmtiry  and  oxj- 

en  [114].     Ko  corresponding  hydratt«  arv  known,  but  both  oxidoc 

onn  stable  salts. 

294.  nitrates-  —  Mcn'unnis  nitmte  is  obtftinod  by  ttinolving  dm- 

allie  mi-rciiri-  in  nn  vntvux  of  nitric  acid  diluted  with  ftwr  or  fiw 

Smut  its  bulk  of  wnlor.     Ktorcuric  nitrate  is  best  obtained  by  diaaoiv- 

Ing  rooroiiric  oxide  in  an  exceiw  of  nitric  ocid.    These,  like  oilier  silta 

of  mercury,  tend  to  form  baaii!  compounds. 


lercnrous  Xitrate, 
)imcrcurous  Nftra(«^ 
ITriiuotvuTOus  DinitnitA, 

lercuric  Nitrate,  IfrOf}f,0^ .  2  fffO 

>iin6rcurio  Nitrat*.        (/77-0/i^)-0,-y,0,.  2  fffO 
rrimercurio  Nltmt^        (/^;rO^jr0-/&)-<^'il^,O,.  ^0 

A  solution  of  mercurous  nitrate  with  caustic  soda  gives  a  block  pre- 
pitato  of  meicurous  oxide. 


[21*] 


963 


UEBCUBZ. 


"A  salntion  of  BunuriQ  lutnle  with  ouutia  ao<U  ^tw  »  yaUow  pn> 
dpitat«  of  initrcuric  oxute. 

HifO  +  (Hh-OJffO,  +  B^O -*■  Aq).    [915] 

Usrcnroiu  nitiate,  if  healed,  is  eonveirteil  into  ihv  rad  etjtuIliB 
TAiiet;  o£  mercuric  oxide. 

259.  Snlpbate*.  —  Whvn  mcpctiij  i»  gently  l>«at«d  with  «b  ntm 
of  atTongsiilplmriuackl,  Merciitoiu  Sulpbsto,  [/^^O^O^,  ia  fomid; 
but  if  lh«  hmt  bit  iDcmued,  and  the  erapomtioa  curied  to  dipm^  da 
fint  product  VI  changed  into  Mercunc  SiU]>bale,  Jfy-O^'SO,,  wUdi  ii 
ft  whiU  ciyaUllliie  pu^tnli-r,  Kudilir  di«M>)riii^>  in  «  solutiou  of  uoamo 
Sftlt,  hul  il«:om[ii)^  by  {nini  wutvr  iutA  a  wilublo  acid  luitl  an  tiHol* 
bio  basic  Mit.  Thii  la»t  u  knoirn  n«  Ttirpoth-MiiMKL  It  hw  A  jtfi* 
color,  and  its  oomi>o§ilion  is  expnaaed  by  the  symbol, 

iiffrtmrom  sitlphntii  Jit  also  prepreil  for  tho  Rumnfncture  of  <aloa>d  tf 
triturating  together  moivuric  stilphato  with  ■  qaaotity  of  memuyflqad 
to  that  which  it  already  cooUins. 

8ft€.  Sulphide*.  — MfrcuTWis  Sulphide  f/^/,]5.  obtained  u  ft  Uvt 
prscipitnt"  on  piuwiiig  fftS  fftm  tbrOu(;b  th«  eolation  of  a  maemn 
salt.  Very  unstable,  lik«  the  cofTMpoDdiiig  oxide^  Mercuric  SulpUii 
(Vpraiilion,  Cinnabar),  /I>fS,  is  procipitAted  by  the  sBmo  reafiral  bis 
thn  iM>ltitii»ii  i»f  u  nicrc^uric  salt  But  when  the  reagont  is  nut  ta  nam 
and  especially  if  tlie  cnlution  is  ooneottlnted,  lh«  pndpttato  tMldB 
chlorosulphide  of  mercury  in  Tvying  proportinDS,  ond  Ikaa  MoonSlf^ 
'  ^illWrent  ahadtt  of  color,  from  whit*  tbroanh  t«>'l<lisb  brown  to  lnhA. 
TIic  |mra  prtvipitated  ffyS  ia  bla«k,  bjt  when  aublimod  tb«  taboan 
aecjuiuM  the  ]H'uniliur  verDiitiDD  tint.  Venaition  in  osuolty  pivpuni  ly 
rubbioK  togi<thcr  airrctiry  mul  !i<il|>hur,  and  •nbliiniti^  tli«  hUdTa* 
duot.  Cry>itaU  nrr  firtiucntly  thus  oluEoed  idontjod  in  frnv  vA 
UiQM  of  italursl  cinuabor  ($  107). 

257.   Chloridoa.  —  Tkli-rrrurous  Cldorido  (CatonmJ),  [Wp^CdBBtli 
obtainiut  (litlii-riu  a  white  powder  or  in  crystals  (S  106),— 

lat.  By  subliminij  a  mixtuw  of  marcuric  chlotld*  and  taeteaij. 
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2d.  By  flnbHining  a  mistnro  of  motctuooa  enlpbate  and  eommoD  nit, 

m/^SO,  +  2  XaCl  =  ^V«,SO,  +  [ffff^Cly  [218] 

I      3d.  Bjr  procipitatioD  ftota  a  aolutiou  of  mercuioiu  uttrato, 

\([ff9^trtO^-^-2JfiCl  +  A^)  =  [Jf^CI^  +  (2XaillOf  +  Ay).    [219] 

I     CaJomol  is  iiuolublo  ia  vntar,  alcohol,  and  ethei.    T\ia  Sp.  Gr.  of 

Jitd  vap<:ir  ia  only  one  half  of  thst  wLlch  the  tlieckry  wuuUl  r(''|iiirt>,  — 

[bo  auijuialy  which  is  explauiud  a&  aa  dEect  of  duiouuliuii.    iSublimea 

Jow  a  iwl  beat  wilhuut  njcltiiif^    Whoii  tntunted  with  a  solutiuii  of 

'  aodti  m  potiuh,  it  ia  ttimtxl  blnck.  otriag  to  the  formatiou  of  [//^,]  0, 

and  when  htatcd  villi  alkoIiDB  chlorides  it  is  coDvertud  iiitii  IfyCi,, 

Is  the  prcsenc4  of  oi^snic  mailer,  Oidda,  aiid  air,  ttiic  hut  duiiigo  nu}' 

taJie  place;  to  some  extent  at  l«ast,  ul  n  tcrapcniture  of  36'  or  40°. 

Caloiuul  L*  au  iuvoJiialilt!  iu<»iiciiiu.     It  ww  bmt  prajiaivd  by  rubbing 

•ther  in  u  luottur  /fj  +  //ifCV,,  but  Uiis  product,  althoogh  having 

the  mediciiul  ]jru|)urtii'9  uf  tliu  wbit*  fubliiDstc,  bad  a  brilliaut 

black  color,  whcnco  tlin  Domtx,  from  mXit  /iAm. 

258.    MoTCorlc  Chlortde  (CoTTOBlTa  Sublimatv).    IljCi^  —  Crj^ 

[talliuefS  \QS)  aliito  solid,  melting;  (it  205".  t"jiiiiiy  at  25*3',  and  jidd- 

a  vapur  whose  Sp.  Gr.  (141.5)  confurma  very  uuaily  U>  tlio  tlieory. 

in  watur,  ulentiot,  and  etbcr.     FormH  nits  with  the  olkalino 

.  M  2  XaCt.  HffCI,.     May  bi)  prtipared  by  subliming  a  mix- 

turo  of  niarcari«  siilpliato  and  oomtnon  riU,  but  adding  a  amall  amount 

Df  JlfiiOfto  the  mixture  to  prevent  the  formation  of  calomeL    Alao 

onned  when  mercury  ia  burnt  in  cliloriue  gaa     Acts  aa  a  viok-nt  j>oi- 

ao.    Coagulatea  ulbuuien,  and  forms  with  it,  aa  well  aa  with  other 

ainoid  anibstaocos,  utablc  computiiul^  inxoluhle  iii  water.     TTwd  for 

rviii^  wood,  dried  plant*,  oiid  other  objects    of  uatuml  hictory 

flDta  dccny,  and  this  elTcct  nppoare  to  ho  due  in  part  to  \U  ppciilinr 

t fiction  on  albuminoid  compounda.  It  is  aleo  a  valuable  reagent,  and 
ia  used  to  prepare  otlier  anhydious  chlorides. 
.  Ueicury  forms,  Hki'  copper,  a  large  number  of  oxichlorides.  It  also 
Oombines  with  tbu  other  luetnbvni  of  tlie  chlorine  ffruup  of  cK-iin-tita. 
Among  these  conipounila  tho  niott  intercKtin^  U  the  iodide,  Hfltt 
which  nfiects  two  diirprirnt  cryatallino  fom)s  distingnislicd  also  by 
strilting  diflenmcM  of  color.    As  obtained  by  pn?cipit;ktion, 

{HgCt^  +2KI+  Aq)  =  Hgl,  +  (2  KCl  +  Aq).        [220] 
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it  a]>p«u«  lu  a  eryitollina  rtd  powder  (1 106).  This  wli«n  heat<i 
ctianges  its  ci}'8talliii9  ondition  (}  109)  uid  bocDUiM  jvllow,  bul  Um 
yellow  Tuietjr  ia  chanjjcO  back  to  tbe  rod  by  Bivrc  friction. 

330.  AmmOBiated  ComponndB. — The  coiupoooda  of  nmiiiir;, 
when  act«(l  on  by  umiiKniiu  i<t  by  HUiinotiiutii  atiU,  yield  n  Urp 
UMiuber  of  ooin|>lcx  ptvilucto.  Amuti^  lliniii  tbn  moat  noHrkubla  ii 
*  powerful  biuo  callod  Mcrcunminv,  wtiub  in  ji>nuL-<l  by  tlie  action  of 
aqua  ammoiiia  upon  yellow  proci  pita  ted  oxide  of  mnciiry.  Then  » i 
diiret«iiee  of  opiiiion  iu  regani  to  the  amngenioiit  of  tbe  atoms  in  tU* 
eoBpouad,  but  the  uoiit  jnolMible  srmbol  ia 

Tlie  hydrate  ahsoiba  CO^  from  the  air,  and  form*  definite  aalu  witb 
all  the  couimoD  aci<U.  Tliia  compoaiid  ii  itmtahlo ;  but  when  hailed 
two  Di«l<«ula  of  the  hydtttte  give  up  tbr«e  nioleculea  of  water,  aul 
tlieru  ia  left  a  dark  brown  jirodnct  pcnnnixtnt  in  tho  air,  whoap  lyiDlial 
tuAj  be  leptvaonted  after  tlm  typo  [H,S\,0,  TIm)  ftillowing  nK  tti« 
symbols  of  a  f«w  only  of  the  many  lUeKiirialcotnpoaiidaof  lhiadaH:  — 
^^^.V|■{/^l]  Fonncd  by  the  action  of  BinnwniR  gu  on  pn- 

ci piloted  caloiuoL 
/^  [/^^ JiV[^i]        Black  compound,  formed  tnta  calomel  1^  m- 

tiun  of  a(|ua  nmrnonia. 
{ff»/i»ffj/lA'^JIif)Cl»  "White  ProcipiUt*.'*  formod  by  addiog  to aqo* 

ammonU  a  lolutton  of  UgCl^. 
{//^If^f/MfffyyC/t  "SoluIUe  White  Pr*cipiutfi." 

2iUt.  Cbaiaoterlatlo  ReaoUona  and  Dsaa.  —  Tho  ulta  of  nuKOiyi 
wliothcr  »olal>la  or  in»olQbl?,  are  all  ntduood  to  the  metallic  state  hf$ 
Bolation  of  stauDous  chloride.  Any  of  tlw  salla  heAt«d  in  a  <3mmI 
tnbo  with  sodic  carbonate  giro  a  auMimate  of  iniiiute  gtobtiW  of  IM^ 
cary.  From  aolutiona  of  ila  ulta  mercury  h  dcpceltnl  as  a  gny  fils 
on  mutaUiu  capper,  aiid  if  aliort  IciiKthi  of  GOjrper  wim  thw  coated  «*■' 
cvefully  dried  bo  licalod  iii  a  cloved  tube,  the  subliiute  fe  ohtaioAl  u 
Man. 

Tin  chief  coBmmption  of  metallic  tnercory  is  in  the  treatneel  *> 
gold  Ofea.  It  la  also  luod  for  nilveriitf;  uirrura,  for  makiuj;  vuio* 
philoaophieal  inatninidntA,  luid  for  othfr  puritcwes  in  ll>c  uU.  Ls'fi* 
qnontjlias  an  coomimeil  in  jirrpnring  ite  varkM*  compoundo,  oud  tb^ 
m  among  the  most  important  articles  of  tho  materia  owdka. 
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QUESTIONS  AND  PROBLEMS. 

1.  Write  the  reaction  o(  boiling  lulpboric  add  on  copper. 

2.  Write  the  reaction  of  nitric  acid  on  eapftr, —  Irt,  Maruniag  tliat  yo 
\tt  the  iterifofm  prodnct ;  Sd,  that  it  ia  KjU. 

3.  Wrtl«  lh«  TCActioii  which  take i  jilticc  when  ciipric  nitTEit«  U  decompoaod 
b^  bcAt. 

4.  Why  dow  not  concetitnklvd  nitric  acid  act  oti  copper  I 

a.  RrpKucnl  llie  t.ou»tit«tion  of  the  hydrate  -1  [Ol-slO .  fffi.     How  ibaj- 
[it  be  R^unlt<J  aa  wlatod  lo  the  nonnnl  Lydmie  [Cu^Ho^'i 

Ans.  Il*i)util#-JL*S>^'»i  — 3///>. 

6.  Bow  may  anliyiiroux  cupric  aulpbiUii  ho  used  to  dettct  tlie  pteaencc  of 
drtuxe? 

7.  In  vhat  other  vaj  may  the  aymliola  of  tbu  diffvKiit  baiin  tulpbatoa  In 
'written? 

Ana.  Tlie  ij-niho]  of  Brochnntile  may  be  written  (ftt-ft-Cw-O-Ou-O-Ou)* 
Cv50,.3/f,O,  and  tlie  ol ben  in  a  similar  way. 

8.  H<iw  may  the  syniboU  of  the  baafc  sulpbstea  be  derived  ftom  tba  by> 
FdratM? 

Adr.  Di>n>gnr(ling  tht  water  of  cTyslalliutlon,  we  may  regard  Briicliaiilite 
an  fnrmml  from  the  condensed  hydnit«  iOii^fR^  by  first  uliiiiioHt- 
ing  3  IlfO  and  th<ji  retracing  the  remaining  lif  by  SO^. 

0.   If  iLf  lymbol  of  Qmchunlitc  u  written  a«  in  the  tpxt,  to  what  order  of 
pliatea  dow  it  brioiig  ?  An*.  Urlhoiulphatce. 

10.  Show  by  gmphJc  ■ymbota  that  the  rsdical  CuO^H  miut  be  nnlralmt. 

11,  R^ipMMnt  by  graphic  aymbol*  the  coropofilieit  of  Makchita  nad 
Lmrite, 

IS,  Btitb  Malni-hile  aivX  Amritt  may  tie  riTTirdM]  oi  formed  by  tbf  m(v1(>e- 
alar  union  uf  cupric  hydrate  aiul  cupric  cxrbonalo.    Write  the  lyoibol*  on 

lia  theory. 

13.  Malncbite  is  bow  rrlated  to  enpric  hydrate? 

Aat.  It  may  bo  rrgnnini  an  tbe  bydnile  doubly  condenaed  witb  two  of 
tbc  bydroRpn  ntomii  rcpUcod  by  CO  thns;  OufOtiCO.H^n 
C»MfCO.CuF<)fH,.  Symbol  of  Amrite  in  lb«  aame  way  be- 
Bomea  OiiJOJiCU),,!/^  or  i  0»OfCO  .OvO,'a^. 
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l^  To  what  order  of  cajbonat«s  doM  UTMrin  bekog  t 

15.  1b  what  olber  waj«  niaj  Uie  lymbo)  of  the  eoprie  nitnUM  be  wnii«? 
Ana.  OirO^^Uj,  sad  Oi^^O^t,  or  CW<V<JVOJ,ff.lXVVr 

16.  WriU  tlu  ajriiibol  of  DtopUu  iu  Um  aame  tjptcal  funn. 

An*.  a^OtOfii 

17.  To  wlifti  onlet  of  tOicatot  may  DiopUae  be  refentNl  f 

Ant^  ftillinrflii^ 

16.  WHte  the  mction  of  a  aolutioa  oT  iodic  pboepbate  cm  ■  KJntkB  rf 
cupiic  Milphite. 

19.  BepteacBt  tbe  eonatinuion  of  ibe  Tarioiu  aalpludca  al  eoni^lf 
papllie  ajmbola. 

£0.  In  what  nUtion  do««  tbe  flooliTdnM  of  ooppar  ataad  to  tba  bflMi 
and  fluorido  of  the  mm*  metal  ? 

An*.  It  bolils  im  intcmifdUtc  poaition,  aa  dtowit  bf  tbe  ^nibala  OmB^ 
CvUq,F,  and  ft./;. 


Bl.  Rtgardliig  the  molecule  of  water  in  the  oommea  vmiM^  of  Al 
lai  water  of  ooDUitutioa,  how  may  the  funnulu  of  tltla  mineral  bcctni]>hbif 
Ana.  It  may  be  halved  and  written  ((^l■£M:^)'A(.a 

S3.  How  U  Atacamit*  nlalcd  to  enjiric  hjnbatof 
A&*.  iOa'Ilo,  =  (Ou-0-CW>ffn,  -f  H^O,  then  icpUdng  one  atom  of  fli 
iu  ibc  condensed  hvdiate  hy  Ct. 

S3.  What  do  jos  Gud  that  la  ttsaatksbte  in  tba  cwedoa  of  enpck  bj4tiJ( 
on  hydrochloric  add  t  Compan  it  with  reaction  [ICll.aadootuBibr  whethrt 
it  iudicatta  a  difference  of  condition  in  hydroftcn  oiiaiUr  to  that  in  uajj^ 

24.  Write  the  qmbola  of  the  anunonio-oompounda  of  oopptr  in  % 
form. 


35.  What  evidmee  can  ^mi  find  that  a  portioii  of  the  nitrogen  atcH*  la 
two  of  the  eomponsda  aland  in  a  diUcrent  icIatkQ  to  tbe  mobcnle  bam  tt> 
other*  T 

Ana.  If  the  nitioRen  ttonia  were  all  alike,  we  tbonM  expect  tbe  hA 
mdicBln  to  fix  uote  tluui  the  orjoivnlent  of  two  uaivaleot  Mid 
nitiail^ 


S&  Write  Ibo  avmbol*  of  the  hydntta  which  comepond  to  (b*  < 
bnxic  tiilnde*  of  mercury,  and  abow  how  meh  eoodaDacd  bydnlv  av^ 
derived  from  the  ai&mncd  normal  hydrate*. 

37.  now  u  it  poauble  that  aalu  afaauM  end  "— •^"-Y-'ini  t«  bydnM 
Ibot  cannot  be  isohitcd  ? 


()1:xsTIo^'s  akd  raoBteu& 
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58.  Show  huw  turpeth-miiwntl  may  )»  derived  bom  ui  OMumed  uumukl 
hyclut«. 

59.  How  would  jon  Kek  to  dalermino  whcihM  the  bl«ck  product  oLtauial 
'  \>y  grioiiing  together  //<;  4-  ^  >*  »  mixture  or  a  cuuijiouuil  1 

30.  Bj  txpcnmuut  it  nppesn  tbit  ttiu  opscific  gtantjr  of  calomel  rjipor  U 
1II8.5.  What  sbouiU  it  be  UieuiRiticaUy  )  lolu  wlial  t«  it  proliably  ilocom- 
I  poiwd  wheu  tiMtcJ?  Aiu.  S3&.0  i  Hg  nnil  UgCl,. 

31.  In  luliuinUlenag  calomel  «a  mediciiu,  vhnt  aiiocutiont  with  other 
drugs  *bould  ho  avojitcd  7 

33.  How  may  cnlnmcl  bo  dUtin^uilied  {mm  corrodvc  •nblitniite  ? ' 

33.  What  ia  the  theoretical  Bp.  Or.  o(  ffgCt,,  aiid  why  Hliould  yuu  auUd* 
\  pate  m  great  a  diiTeititce  belwevu  it  and  the  «ix[>e)rimeutal  reftuU? 

An*.  ISftJ}.     In  such  a  deiue  vapor  the  deviation  from  Hnrio4t«'>  law 
would  probablf  b«  large. 

34.  ^Vriti!  the  Koctton  which  taVua  place  when  a  tnlxtui«,af  mercoric 
I  aolphate  and  oomnon  aalt  ia  miblimKd. 

85.  Id  cases  of  poiaoning  hy  corroeive  gublimate,  vhj'  tboald  milk  or  the 
!r1iil«  nf  r^tfn  he  useful  as  Icmpoiary  antidotes,  antil  the  stomach  can  be 
[emptied  by  on  (^mctic  or  otherwise? 

36.  Write  the  iTmbols  of  the  chloride,  nitmt«,  sulphate,  aail  carbonntc  of 
[  mercuriuuino. 

37.  Write  the  aymbol  of  the  oxide  of  mereummine  dcKriboJ  above. 

35.  I{epr««eni  by  symbola  the  coutftitution  of  the  different  ominoitistod 
compouudu  of  uieiuuiy. ' 


M8 


urn 


DIVISION  xin. 

K\.  iflCEEL.    Xi  =  S8.8.  —  Qiu]itin]«iice   ostnlljr  twa     Om 
of  tike  leia  &buudiuit  metaUk  efamenu.    Tbe  ebief  iwtin  wpumii 

Hcangaiul,        J'Sf'Sft,] 


Breitbanptit«^ 
Kupfetnickcl, 
ChlottDthile  <Nick«lif 

ciiKM  SmaUliM),        iMDwtric, 
Skktl  GhtiM,  laonwtnc, 

SJiUerit*,  HvxagDul, 

ButuvniW,  iBometric, 

Nickct  ViUiol,  JlooodiniCi 

Anubergito  (Nickel 

gr««n),  Koiiocliiii^ 

Emenkl  Kickel  (Z*ntiU). 


OftlioriMHubit,  IfS{Jt^ 


yi-0 


Th«  rnvtol  is  obtained  chieR^  bmn  s  nkkelifeTotu  iron  pyatM  (nf^ 
a«lie  wiety),  wbiuli  on]y  ooiitaiiu  the  elemenl  u  aa  tMooimxj  ■» 
ctituent.  Tbe  mUve  anciiiitcn,  ami  ui  itiipun  nt^tUiu  (caUail  if^ 
fumcid  in  the  pieparation  of  smalt,  am  tbo  iOhvt  sootOM  of  Um  nkU 
of  comm«rcc.  Tb«  piocoss  of  extncting  tUe  metal  u  eoopSatrf 
uid  ledioiu.  It  conaistd  in  routiiiij  the  on^  diosolvtng  tbe  naBf^ 
oiidM  in  acid,  and  prmiritating  first  tba  — aociitod  metaK  ^ 
afterwards  tbe  nidcel,  bj  approptuto  nagento.  Tbo  rhjrf  difl&nl^ 
is  tu  ifforatv  ftum  tlie  nickel  Um  mote  v«hubUi  oobalt.  wflii  'liui 
aiekol  is  olmoet  inrajiablj  aseociated,  and  to  whuh  it  ii  ymj  cMt 
■Iliad. 

U«talli«  nickel,  Sp.  Or.  8.82,  ha»  a  silvM^vluto  oolor,  •  MBat 
netaUic  tuatre,  &nd  does  not  taraiab  when  oxpoaed  to  i1m  alB» 
pbera.  ll  baa  ermt  t«nadt]r  and  loallMibUitf ,  mhI,  wan  it  iikii*  ab<» 
danl;  wonld  riral  ovrn  iron  in  tbo  numfaar  of  ita  appBaUi«B  in  Ik* 
aaefn]  arts.  Nickel  n«Rniblea  iron  in  nanjr  of  ita  c)ttal{tic&  Vba 
pure,  it  is  nearlj*  as  infusible  as  mvtght  iron,  and  maj  be  Ibfpd  bs 
similar  way.  \VhvD  combined  with  a  small  amoant  of  cariMQ,  it  oq; 
Uko  eail  irom,  In  fiuml  In  an  oidiuary  wind  futuMei     Kickel  is  ska 
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iraa,  stwcoptiblo  ot  mitgnctisci,  but  the  magnetic  power  is  leu 
>tliod,  Ktid,  when  heated,  it  loees  Ihia  Tirtuo  at  a  much  lower  liao- 
aUm.  Moreover,  like  iron,  Dlokd  b  wduble  m  diluM  sulpharic  or 
jrdrocliluric  aciOd,  willi  evuliitiou  of  hydn>K<Mi  kuk  ;  l>ut  tlio  action  is 
I  energutii^  and  1I10  uielul  diMolviw  (inl,v  aluwly.  The  b«st  eolvants 
nitric  a«ud  and  aqua  mgia.  Niukel  t'oniu  with  coppc^r  a  brilUaat 
rhitc,  liitr\l,  knnr.ioun,  niitlkinhin  nllny,  and  a  small  amount  of  ukkel 
rill  wbitflti  »  birgo  body  of  copper.  This  alloy  is  much  tucd  for 
nage,  and  as  tlia  basis  of  the  bvttar  kiuds  of  cluctrotypa  jiIuUl  Get* 
Dan  silver  a  an  alloy  of  cupper,  uuc,  and  nickvl,  in  about  tlio  pio- 
jon  of  3:3:2.  Nickel  may  aI«o  ho  alloyod  with  imn,  and  is  a 
SiutAiit  con.->lit»«nl  of  tho  metallic  mctoonten.  Nickel  readily  CMu- 
[bini-M  with  <^nch  of  tho  moi&bors  of  the  clilorine  group  of  oJeoieDts,  but 
ily  in  one  proportion,  and  the  compounds  thus  formed,  A'*/",,  ifiOl^, 
),,  are  ail  soluble  in  water. 

There  arc  two  oxidw  of  nickeL    The  protoxidci,  NiO,  is  an  oUto- 
en  powder,  ivadily  obttviuMl  by  ij^iiitiuj;  cither  tho  nitmto  or  the 
rboiialo  of  tlio  metal.     It  is  a  basic  anhyi|ri<l<t,  diiwolving  rMtdily 
tho  minomi  itcids,  and  forming  tho  ordinary  nickel  salt*,  in  all  of 
rbtch  Ni  art*  a»  a  hiwUmt  radical.     The  aesquioxide,   Ni^O^,  is  a 
ck  powder,  also  obtained  by  igniting  the  nilrale,  but  at  a  lower 
aperature.     It  is  an  uiwtuble  comitound,  and,  when  IivaI^h),  is  n> 
Ived  inlo  the  lower  oxide  and  uxyjijeD  gtuL     It  1*  not  a  baitic  anhy- 
io,  and,   wlidu  iKAtcd  with   tho  mtncnil  acidit,  one  thinl  of  tlie 
gan  i;i  given  off  as  before,  and  a  salt  of  tho  ordinary  typo  is  the 
M.     in  the  ecsquioiddo,  Ni  la  a  quadriTalent,  but  the  double  stom 

IV     IV      ' 

1^,  or  *{Si-NiY  (i  35),  aett  at  a  »eximte»t  refHaat.    Tho  tendency  to 
I  nuiicals  of  this  last  l}'pe,  which  is  only  foreshadowed  in  nickel, 
a  utrikinii  diameter  in  tho  elementei  which  follow  in  our 
lilicntion. 
Of  the  crystallizod  soluble  colts  of  nickel,  tho  most  oommon  an 


NickebuK  Chloride, 
Kickelnus  Nitmti'., 
NickelouH  Hulphate-, 
Dlpotossio-nickclouB  Sulphate, 


yiCif^iitO 


Tlie  salts  of  nickel,  both  when  ctystalliwd  and  when  in  ■oluttOD, 
ire  a  charautoristic  green  color;  but,  when  rendered  anbydroiu  by 
heat,  thia  color  changes  to  yellow.     From  their  solutions  the  fixed 


U 
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ilkiliH  pmipilito  •  Iqntetc^  sad  tlw  •Dta&iM  csTboiutn  » Iwic  «■■ 
boaat^  of  tAckA.  boib  lofiujig  pde  tlf^  pneipiUl«a.  TIm  fim  ■ 
INobaUf  ifae  definite  nmimuMl  IfrOftt, ;  but  the  oompcMitioo  of  tb 
noMid  varie*  villi  tb*  tanpcnUiK,  sUn^tfa.  and  propottioua  of  lb 
nIslioM  WBplojwl,  and  the  ptodnct  is  doaely  tuialu^ua  to  U»  f» 
ii|<l»tw,  viikh  MB  fitoiiwd  aado-  liiidlar  oooditioiw  fnta  idiittoB 
aflhBMtorfMigiiiiiiiii  trnnc 

Tte  all*  of  nidud  mdilj  comUiM  both  viUi  ammoDia  «ikI  widi  lb 
unmroaliim  nba.  A  lug«  cumber  of  pioducU  may  tbiu  be  iataai, 
whicb  u«  cMiljr  uIuUb  Id  vaMx.  Tbc  foUuwiu^jC  ct^rvUUiM  an- 
peVDdi,  vhkh  indiitcUj  pky  u  important  part  in  boom  cf  lb 
metboda  of  ijoaliUtiro  aaalTaii^  will  aarVB  aa  typoa  of  two  dibmi 
«Imm»  of  anch  ooBpomda : — 

From  folotkioa  of  nch  ammootscal  eomp-junda,  and  from  die 
aUaliiH  tolatioos  eoolatning  nickel,  tiui  mL*tal  is  pn>cip)Ul*J  a 
^NiJlOJJII,,  both  by  ebloTine  gu  and  by  tbu  alkaline  liypMblarita 
Tbe  pT«cipiUt«  lias  an  inURsc  block  mlor,  and  Ibia  rvactiou  u^ft 
lbs  most  Jrlicala  Uats  for  nickel,  bat  don  not  diatiRimidi  it  bm 
cobalt.  Xickel  U  a]*)  pTW)>itat«d  ftcm  alkalino  aottitium  tir  S,&  a 
by  alkalioo  salphidcc.  Tbe  black  pKd|^tate  tbua  obtain«>I  (iVii^.iil 
eontaiu  ao  ind«finito  aiaoiint  of  tratcr.  It  fa  iniwlublo  in  vb«  ilte 
Btneral  acids,  alibou^  in  acid  eohitioM  of  nickel  salt*  H,S  pw  * 
pRCipit«t«L  Two  other  enli^udea  of  tbo  rloment.  JVi^  aid  JR^ 
have  boi-n  iloscribod. 

2$3.  COBALT.  <:'a  =  S8.8.  — QnantivalcticD  tutiany  two.  im- 
dated  with  [uck«l  in  tbo  aum  orra,  but  Ina  nbniHbinUy  disbikil^ 
Hont  of  tbe  Diin«tals  enamerated  in  tbo  U*t  «Mtion  oontata  etbL 
VImii,  however,  ihU  nwtal  preponderatm,  tlioy  an  in  ukmi  imi 
chawd  >«  aFpaiate  minenl  *pedea,  and  noaive  di_ilinrt  nnn*<a  )(• 
cobalt  nincnl  corrapomltng  to  Kupfe7cick«l  or  Braiitiauptite  battai 
found,  bnt  w«  hare 

booMitHc^ 

laometTie, 

laometrie. 

Orthorlionibic, 


SuialUoe« 

OiballiM, 

Linnicilo, 

Obuieodot, 

Syeinwrite, 

^tolt  Vitriol, 

Irytliritn  (Cobalt  Bloom), 


Monodinic, 
MouocUnic, 


Co,S, 

Co<^.C^ 
C<rS 
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To  Ibeae  mitat  be  addml  ui  inipnro  oxiAtt  of  cobalt  (Earthy  Co- 
balt), kDii  u  tniii<!tii]  cullcil  ilcniiogtonite,  vrbich  prubably  lonvspuiitl* 
to  Flim-nild  Nipltitl.  Thrre  is  a  ruietj  of  LiniiviU-,  called  8i«K»niUi, 
which  couUins  n  largo  [iroportioD  of  uiekti  ;  but  uu  {lumly  nickuIiloroiM 
oompouDd  of  Uiis  type  is  Itnown. 

Ill  ftll  their  chemical  n^lsliriiiH,  tho  two  metaLi  bon  Msounted  nBOOk- 
b)e  «uch  other  m  cIuhoIj-,  Uuit  tbi>  diMcriptioD  of  niekel  givsn  above 
I'BppliM  klmoot  worr]  for  word  to  rohalti  and  it  ia  only  nececaary  lo 
indicate  further  tbc  pointe  of  difference. 

Metallic  cobalt  rusts  more  readily  than  nickel,  but  kaa  rtodily  Uiui 
It  is  magnetic,  and  pomHSiius  valuable  qnaUties,  but  ia  so  ooetlf 
at  it  baa  nsieived  uo  applicatiun  in  th<!  ait«. 

Cobiilt  forms  but  one  stnblc  comjKxind  witli  nny  ona  of  the  membeiB 

'tbo  cbloriDfl  group  of  doments,  CoC^,  &e.;  but  bydiasolvltt);  Co,0, 

hydrochloric  acid  a  red  solution  is  obtained,  whiob  is  aupixMcd  to 

Dnlain  Co%Cl^.     The  conipouud,  huwev«r,  is  very  uiu1a1)1u,  for  the 

olutioD  «vulvus  chlorine  on  lh»  sli^lituit  clcivjitiou  of  tomiwmturo. 

There  ore  throe  wirl I- marked  oxides  of  cobalt :   Cobsltous  Oxide, 

>0 ;  Cobsltic  Oxide,  Cv^O, ;  Cobaltoi»cobaltic  Oxide,  00^0, ;  and, 

sides  these,  several  others  hare  boon  distin^'uisbed,  which  are  prob- 

uith«r  niixlures  or  mok-culur  uj^Kro'^atoi  of  tlie  Itnl  two.    Not 

bIj  is  CoO  a  stroll)!  basic  anhydride,  like  NiO,  biit  (^,0^  also  dis- 

Ire*  in  acids,  Mpocially  in  acetic  scid,  foriuing  salts.     We  have, 

lierofore,  to  distinguish  between  oobaltoua  sjid  cobalcic  salts;  but  the 

.  ore  veiy  unstable  and  little  knowo. 

The  ordinary  coboltoos  Halts,  when  rTTt-stalliRid,  ore  im),  but  are 

Jly  lilac  colored  wbon  anhydrous,  anil  the  pink  coliilion!*,  which 

yiehl    trith  ivntf'T,   )H?cnni«  blue  when  concentntted.     On   tbis 

Cbaiige  of  color  depends  the  virtue  of  certain  sympathetic  inks.     From 

olutionti  of  lliOHi!  salu,  potassic  or  sodlc  hydrate  piecipitst«s{7<r<^-j^, 

liirh  liiis  a  dclicute  toiie-color.     The  pale  bliio  prtcipiLste,  which  ^a~ 

ftUy  tiille  fint,  is  a  bonic  salt  of  cobalt ;  but  if  wariuod  witli  an  excess 

the  reagent,  it  soon  acquires  the  oompoMtinn  and  color  of  tbo  noi^ 

oal  hydrate.     If  exposed  to  the   air  this  liydmtp  absorbs  oxygen 

Kpiitly,  and  changea  to  a  dingy  green  color.     The  hkck  precipitate  ob- 

^tained  by  the  action  of  chlorine  or  the  hypochlorites  on  alkaline  solu- 

KinR"  c^intaining  cjIwIi  is  the  second  anhydride  of  this  hydrate,  or 

*Oj{Co^O,-Ut-     The  sanii.'  comiwutid  is  fonned  when  chlorine  gas  is 

through  water  or  a  solution  of  oaustic  potAsh  lu^diug  cobaltoot 


87S 


COBALT. 


a« 


bydmta  in  aiupenBioo.  Wli«n  the  alkali  b  used,  tbo  ivhob  of  tki 
lijrdiHto  ii  coiiv«rtod  into  tho  coboHic  oontpouwl ;  but  witb  pnte  ma 
only  two  lliinln  tu  much  nro  obUinwl.  Tlio  CDinpouad  of  tUcU 
formed  undent  th«  some  oondittoiu  is  Bappoeed  to  be  tli«  nontial  met 
elic  h]-dr&l«. 

Tbe  t«tjdenoj  to  fonD  soluUe  caupouoiia  w-itti  luninniua  and  «3t 
the  uamoDiuni  lodU,  uuuiifiMted  by  nlckid,  iiii[ioan<  ikgaia  aad  mm 
promiiwutly  in  tho  nlliod  dmooot  oobalb  Honorer.  there  ue  eohtUtc 
M  woll  lu  cdbultous  compounds  of  this  clttse,  and  tbe  last  t«nid  to  fM 
into  tt»  lirst  by  absotbdng  oxygen  vh«n  expOMd  to  tbe  ur.  Tit 
number  of  tbcM  compounds  is  vcvy  numwous.  Tboy  h^vm  a  nt] 
coiupI<>x  coiutilution,  nnd  En  many  oa*M  al  I«act  nru  probably  fmmd 
on  tho  ummonia  tyjie.  W«  may  reganl  tlivm  im  compounds  vt 
nouicMobiilt  biutcA,  to  scTcnd  of  which  diitinctiro  names  ban  beta 
given.  The  following  scbome  exhibits  tho  ralatioas  of  the  won  !b- 
portant  compounds : — 

CotxiUini*  Compomd$. 


CoH .  6  JV^. 

Fusco-cobaltio  Ba3t8. 
XdNHf  Roaeo  or  Pmpareo-cobaltic  salts. 

nNH,  LuUtoHMiboltiic  salt*. 


%m. 


tn  tlio  aboT«  iiymbols  H  etnnds  for  a  tiivitl«nt  ncid  radioit  Bb 
(50,),  (CO,*,  (r,0,)  or  C/,.  (NO^t,  &c  SiiUtitiitinn  >h««  in  lb 
gennitl  fiymbol,  ire  obUin  the  spocific  symbols  of  llie  wioos  mIB  d 
tho  AMumoil  boMM ;  biit  in  most  cases  the  nrystellixAd  anh  eoatsiaift 
addition  onn  or  more  molccnlea  of  water,  whic])  fi«qnenlly  play  n 
irai)»rtant  part  in  ita  coiuitittitioii,  aud  detfirmine  marked  diflmMM^ 
qualitira,  as  iu  the  following  typical  oompo<aiMiB  :^ 

Purpttr«w)ba]tic  Chloride,    [OoJCJ!, .  10 ITIT, 
ItosncMobaltic  Cblorido,         [Git^CI^.  tOJVi^.  2B,0 
Xantho-Mbaltio  Chloride,       [Ci),]CT;  .  10  ytt^ .  ir,0, .  J^O 

Cob«ltous  oxide  combines  witb  many  of  tbe  budc,  as  well  m  tA 
the  acid  auhydridee,  yiolding  In  aerenl  csms  ooinpoaiu)s  diitngaiM 


['|9BS.] 


COBALT. 


373 


by  gtpat  brilliancy  of  cploring.    Tho  compound  with  [J^f),  i*  tnown 

fts  Tk^ltord'a  blue ;  that  willi  iTnO,  od  KinDiati's  gnea.     .Such  com- 

Dtuub  &»  funneU  vhia  thu  incUllic  oxideii,  tnointoninj  with  a  solution 

tbf  cobaltoiu  mtruU),  are  lieatcd  befoni  tho  lilowpipo,  and  the  pToiloc- 

[iion  of  tho  ctilpr  ia  uiiii  of  the  most  characteristic  blowpipe  Kaciionii. 

Cobaltous  oxides  vhcu  moltod  into  gloss  or  into  the  glaxo  of  «urlliun- 

e.  imparts  to  Die  material  sn  intense  blue  color,  aud  tliu  lirillioncjr 

and  the  ilupth  of  the  color  t«nder  the  oxiilo  on«  of  thu  moid  VEiiuablo 

^■ritiifiable  pi^uumts,  and  this  ia  lU  chief  uau  lu  the  art*.    Tho  bluo 

^nij;tu«iit   collod  mutlt,  u^d   fur  oobriag  pupor  and  div«ung  while 

^palicoe*,  i»  0  inilveriMid  alkaline  gtn«f  stroDgly  coloiwl  with  tlio  oxide. 

Cobnlt  is  di»tingiiishetl   by  th«i  camo  tOflctioiis  aa  nickel  from  all 

tAhtJ  metallic  ndiotds.     From  nickel  it  is  distinguished,  —  Firet,  by 

thfl  blue  color  which  tho  oxido  givt?«  to  bomx  gloos.     Secondly,  by  the 

IJttct  tbat  potoaiic  nitrite  precipitat«e  *  the  cobalt  fcom  uitrio  or  ocotio 
•cid  solution^  while  it  does  not  precipitate  nickel.  Tliirdly,  by  Ibo 
Itirciunstauce  tliat  cyauido  of  eatialt  furma,  whi>u  boiled  with  a  •olntios 
of  puttuuic  cyanidu  in  contact  with  tlin  uir,  a  coQi|)otiiid  corruqioodiog 
to  potiiKsic  fcrricynnidc.  Tho  solution  of  potnmic  ci>biilti«yaiiiclo  thus 
fcmod  is  not  decomposed  by  Jfi/0  not  by  alkaline  hypochlorites,  while 
fKim  the  solution  of  the  cyanide  of  nitkd  and  potsa^iuoi,  formed 
un<ler  the  same  circuusla&ccs,  all  tho  nickel  ia  prM:ipitati.-d  by  the 
kaamo  rcn^ntA. 

CoO  +  (2iy-cjir+^,)  =  Co-{CN),+  {ir,o+jy).     [221]- 

1  C<KCN),  +  (12  Jr-C-V+  i  H-C2f+  Aq)  +  «KD  = 

(2  Ay(C,^V„Co^  +  2  ^0  +  Aq).      [222] 

110  + (*  K-C2f+  H^O  +  Aq)  = 

(2  K-Clf.  2fiiCN\  +  2  KOH+  Aq).      [323] 

NiO,H,+  {iS-CN.  /fyiCIf),  +  Aq).      [334] 


*  CcOfMftlon  of  pncipiUte  acranUng  (o  &  P.  Bodtkr, 
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QUESTIONS  Am)  PROBLEHS. 


i.  Rtf>n«nt  b;  gntpliic  JunaboLi  the  cautittiljaa  of  Eapfeniiekd  i^ 

2.  In  Uie  tymbol  of  Nickel  Glance,  in  >'h&t  relation  dom  Um  adpfat 
■tuul  to  ttie  uwuii;  1  Could  these  ^enenta  n^tace  each  oUier  \>y  dn^ 
tlaatii 

3.  Wlial  la  the  diMinctton  between  ChloaaUuie  luiil  RamnMLtbagiU) 
DoM  iba  lamc  dutioction  trjippciir  in  ibo  GOtn^ondiog  cotn|i«aiHl  gf  cbte 
of  the  allied  domenU  1 

4.  nnvo  any  fncU  been  lUtcd  wliich  provt  that  nickel  is  MmatioMa  qui- 
riTftlcQtl 

6.  Represrat  by  a  gtaphle  symbol  the  constUvtiDti  of  nickelooa  «fltf1wH 

6.  Wtiu  the  reoctioQ  of  aulpbaric  acicli  andabo  of  liydradiloric  ad^A 

7.  Point  out  the  analogio*  between  nickol  and  lioc 

8.  The  precijiiutc  tint  fomied  by  unmooia  or  amnionic  carbeoata  ia 
•olutiotu  of  the  KiltB  a(  nickel  mliMulvee  in  au  exceaa  of  tW  i«4(pnu,Md 
dooi  not  futm  ut  all  whi^n  a  kr^  aninunt  u(  asuuonic  citl<Mid«  ia  jiiiimiI 
Uow  du  yuu  expbun  thuee  reaciionel 

5.  In  the  native  «ompoundi  of  cobalt  thi*  elemcnl  ta  uoK  or  I'm  lealaol 
by  iron  and  nickcL  Write  the  nynilKiU  of  f^uultiDe  and  Ooballiee  m  MM 
indicnte  thi«  fiir.t. 

10.  R4'prT»rnt  by  graphic  nyroholi  the  cnnKtilution  of  Liiuuaitc,  and  ^ 
that  of  Cn^.S  'in<3  CcSt,  the  only  othn'  Kiilpliiilni  not  mentioiiad  tn  llie  tea. 

11.  Rcpment  bygiapliie  lymboU  the  eonatitQlioo  of  tlie  foUowing  ooito 
and  uiysulpbidw,  C^O,,  Co^O,,  CofOS. 

IS.  In  what  Tespecta  do  the  ozidee  and  lulpUdea  of  cobalt  dUfer  A<« 
ihoM  of  nickel  1 

13.  Write  the  nactian  of  chlorinn  gn*  on  onbaltons  bydnOc,  (int,  wki 
ninpi^iidul  in  ¥ratcr,  and,  secondly,  when  «atpend«d  in  a  itolutiati  of  f^r- 
puio-oli.  Write  also  the  coimpotuUng  nactkBa  which  t&ke  tiUea  wh« 
hydrate  of  nickvl  ia  sIniiUrly  irealed. 

14.  Repreteot  the  com[K«ition  of  the  ammonto-cobadt  aalta  by  m^ 
•ymbok 
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16.  In  potasric  eobolticyanide  what  is  the  qnantivalenee  of  cobalt  t  Do 
the  cobalt  atoms  change  theii  atomicity  in  [SSS]  1 

16.  Analyze  reactions  [SSI]  to  [234],  and  show  that  the  differences  in  the 
retatlona  of  cobalt  and  nickel  to  the  alkaline  cyanides  depend  on  difference* 
in  the  atomic  relations  of  the  two  elements.  What  part  does  the  oxygen  of 
the  air  play  in  [22S]  t 

17.  Potaaeic  cobalticyanide  is  formed  wben  cobaltous  hydrate  is  boiled 
with  a  solution  of  potassic  cyanide,  there  being  free  access  of  air.  Write  the 
reaction. 

18.  Write  the  reaction  when  a  solation  of  potaesic  hypochlorite  (ff-O-CJ) 
is  added  to  the  product  of  reaction  [223]. 

19.  Point  out  the  resemblances  and  the  differences  in  the  chemical  rela- 
tions of  cobalt  and  nickel,  and  show  bow  far  they  may  be  traced  to  the  oir- 
ctunatancfi  that  the  radical  [Cdj]  is  more  stable  than  the  radical  [Niti. 
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i$^  UAXaAXnSBB.  ifn  c=  S3.  ~~  B«mark&bla  for  lU 
qaautivalcjic(<,  luo,  four,  nx,  tuui  pusubljr  wv<ui  dr  oighL  A  tcdnd^ 
abundant  elcniout,  aiii]  wUlclj  diffused  thtougfaout  fcb«  mincal  fcia^ 
Aota,  oiit«niig  iata  lliu  compodtiou  «f  a  very  lat^jo  nntuttcr  of  ■» 
cnU».    Tlia  fbUowing  aie  ibe  moM  cliaiactcnoUc  or  uuportADt : — 


PjToliwilo, 

Itinunitc, 

Uausmannit«, 

Psiloiucktui, 

W«il, 

Uangnnil*, 

ilauerite, 

IdaDganblosdc^ 

Rhodonite^ 

T«p1)roUe, 

TripHw, 

Miuignnuiio  .Spar, 

MaDg&Do-ciilcitc, 


OrtlKHrbomble^ 

Tetragonal, 

Eanliy,   / 

OitlunhombtCi 

Itomatric, 

laomotrio, 

TKcliBJc^ 

Ortboibombio, 

Ottbur!iomble, 

lUioDiboliettnl, 

Ortliorhoiabic, 


Mixtures  of  differcal  itzidK 
MhS 

Tbo  elcniBiiliuy  mbaUnce  \a  n  Tciy  bard  uul  brittle  nM<4al,  %  Gt. 
6.013.  It  hit*  a  gmyuh-vrbito  cuW,  ii  altixwt  infusiUfi,  auJ  nj 
sligUtly  iDagnetic.  It  oxitiinns  tspidly  ia  moist  air,  and  dccu^CM 
WEt«r  even  at  the  onlioary  t«li>pemtuK.  Tbera  ap|>anr  t<i  be  tvv  e« 
ditiona  of  the  melol  eomspondiug  to  inougbt  and  out  iron ;  bat  Hi 
pTopoitiM  have  not  been  tbormijjlily  atadiod.  It  ui  obtainod  <rilb  it 
ficulty  hj  nilncin);  tbo  oxide  witb  caitxii)  at  a  voiy  bigh  %tBipltMM, 
and  as  jot  has  Ibnnd  do  applications  in  tbo  arts.  Cou— puiHig  H 
tiie  thne  dogrMS  of  qnaativaleoM  of  owngnneao  a»  time  riami  4 
compounds. 

Ut  Man^ioiu  compounda.  in  which  th»  qitaativalonoo  trf  ths  dt' 
nent  is  tvro,  TUb  daw  iDoludes  all  Um  mangsAcao  ninanb  tkn* 
enament«d,  after  Hanpuibtenda,  and  all  tbe  coromoa  nloUs  aUt  d 
tbo  nelaL    Among  the  la*t  tbo  most  imjiottant  aro,  — 

Man^anoiu  Chloride,  MnCtt  ■  f3  nr  4//,0) 

Uanganoaa  Sdphate,  MttO/SOt .  (4.  5,  at'Sfii 

DipotwHio4naii(puuMU  Sul^yliata^  K^tifO^\_SO^ .  C  J%0 
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f  There  is  aha  a  bratiiide,  MnDr^ .  2/1,0.  The  manganous  «otU]K>tinU« 
BT«)  (listinguislitd  hy  a  tleliuaU  ]>iiik  or  icd  color.  From  KuluLiuns  uf 
|ih«  mtuigiiiiotiK  BiOu,  potoMc  or  »odic  }iydnite  prccipitnU*  »  white 
lij-(lrat«,  SlvOffff  whicl)  abwrbs  ox,vgi]ii  mjiidlj',  antt  b^ooinea  brown 
irlitu  cxp<Med  tu  the  air  (MangaaeM  Brown),  la  like  tnaaiier,  aodk 
Vta  jMbusic  carbonate  precipitales  a  wbtt«  lijdro-carbuttaU^  wliidi  aUo 
|beconie*  brun-n  on  drriii^.  AmmoDic  carboaate  olao  produou  Ui«  aain* 
ctpitAto,  and  doo«  uol  tvdiMolvn  it  when  addnd  Id  «xc<im>.  Aianiouic 
liydnttc,  on  tho  other  hand,  given  no  procipiuto  iu  solution*  containing 
«xcen  of  ammoaic  chloride,  and  rodissolvw  tho  procipitat«  wliich 
fonna  in  siinplo  aqueous  solutions.  Amiuaiuo*manga]iou3  saJta 
tbua  fonued,  and  two  w«ll-CT7st!iUiied  aiumouio-niaugauoua  chto- 
iixt  have  he«n  deBcribed, 

Mn Cl^ .  2 >U, CI .  n^ 0,     and      Mn 01, .  NH^Cl  .IH^O. 

In  the  Miilution  of  a  raan^^anout  aalt,  todic  pltoiipbiitv  and  (unmonia 

nc«,  undvr  n-gulutod  eonditionK,  ■  highly  cTjstAllinv  prvcipitote 

tTiag  the  composition  (*V/r.)„J/n^O^/'0),.  2/^,0.    'fhia  predpi- 

fields  on  ignition  <t  pyrophosphate  of  uniform  compontioD,  and  on 

reocrtion  is  baaed  a  valuable  means  of  deteiuumnt;  Uic  aaouiil  of 

langaucMi  in  qtuuiUtatirc  chemical  aoalysU. 

Uonganoua  oxide,  Mn  0,  in  easily  obtained  by  reducing  cither  of  tho 
oxides  with  hydrogen.     It  is  an  oliro-^iMD  powder,  wbiioh 
if  heated  in  the  air,  thus  forming  Ibo  "red  oxide"  Mu,0^ 
Manganoun  sulphide  la  precipitated  on   adding  an   aUcnline   nd- 
^liidc  to  the  uilution  of  a  maii^-aiioun  mlt,  an  n  llish-colorvd  liydmti:^ 
'nS.  xff,0;  but  this  b1«o  in  contact  with  tho  nir  rapidly  nxiiliue  and 
inis  brown.     It  readily  diwolTes  in  tho  dilate  mineral  iicide,  and  also 
acetic  acid.    Tho  same  tendency  to  form  compounds  in  wliicb  man- 
HMe  presents  a  higher  order  of  quantivalence,  id  exhiliit«d  by  all  tlie 
ilublo  mangsnoUB  salt«.  and  eepecblty  by  the  anuuoniaca]  solution* 
l  mentioned,  which,  when  exposed  to  the  air,  ru|>idly  abeorb  oxy- 
:,  Vcomo  turbid,  and  deposit  a  bniwniNh  llooculent  ptecipitato  of 
manganic  hydrate  {Of[JIn,yiI,-0,%    So,  oleo,  whon  chlorine  gas  is 
throui^  wat«r  holding  mongfuioBa  hydnl«  or  carbonate  in  tat- 
Jon,  or  through  a  solution  of  a  naagutoiit  ealt  to  which  an  exccaa 
of  luAic  annUiUi  liiis  been  add«d,  the  manganeM  is  stUl  futtlier  oxi> 
and  the  brownish  precipitate  obtained  is  chiefly  a  hrdnto  of  tho 
ioxide  MnO,  .  HtO.     Bromine  sIm  produces  ■  umibur  result. 


^M»ed 
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3d.  i/an^Htc  wmpouiuU,  in  mAmA  iA*  quant, 
four.     Of  tlii»i:  wo  mtul  difttingui^  two  dlvtui^;^^  .  :..o.,  _ —  ...„ 
bova  for  thrir  radical  the  sin^lv  quudrirnluDl  aluta  of  mangaawe ;  afr 
ondly,  thosa  in  which  two  such  (itudrivulvnt  atouM  act  u  ■  winnionl 
radical  with  >  qnautivdcnca  vi  »ix.     To  tW  liret  diviaioti  of  the  Pok 
gouic  MtuipouiulB  probably  1>eloiit{  moat  of  Iho  aative  oxi<!oi.    ^*- 
l(uit«,  UnO,,  hm  a  crysl«lliiie  fona  tiiailw  to  that  of  firookitc,  7>  ' 
which  U  mi  oxide  of  tbe  weU-Biark«d  tetrad  element  titauiuin ;  ■ 
DnuinitG,  J/%0,,  and  HaiUdMDiute,  Mn^O^,  hmii»  m  fitna  wbU  ■ 
ncAtly  iiroiunrphous  nitJi  Rutilu,  an  idlotrofiio  Ktatu  uf  tha  nni*  oiiii 
(Pig.  ft7),  but  whoHj-  untiko  tlw  forau  of  Ff^O^  (Fig.  64)  and  A,^. 
(Fif;.  A3),  two  tjrpicol  couip<ninde,  to  whicli  Bnitinita  attd  Haiisaiaki^ 
if  ouuUiinDt;  tii«   aesiralent   radical   [ifnj.  tniut  1m  okiMljr  ttM 
Mfuiguiiiu^  [iruliuM)'  contains  this  ladic&l,  ss  it  b  iBOtnoTphuai  witfc  il« 
nntivii  fyrrii;  hydnli!,  niilhildL 

Of  the  oxides  of  mnnganoM,  tb»  Md  oxiilo,  ifi\0^,  ia  tb«  w4 
stable.  Th«  higher  oxide^  wImu  heated,  an  oU  reaolred  Juto  Jf*fi^ 
uid  the  uHtive  oxides  ihiu  becoow  aoutce*  of  oxygaa  gaa  [1 18].  Wht 
heated  witii  sulphuric  acid,  th«]r  also  givo  oS  ozygeti  vid  field  mm- 
ganona  salpliate  [117].  When  heal«d  with  hydioclilurtc  ooi,  ibi; 
libviuto  clikiriue  aiid  y'uAd  mauj^noas  chloride  [77J.  Heon  a&i* 
portant  application  of  the  native  oxidea  in  the  arts.  Thfire  m  »■«■ 
fiw  bdiering  that  tbc  two  atoms  of  oxyguu  iu  Ifn  Ox  stand  Id  dilfiMrf 
Rtations  tu  this  molecular  group,  and  the  chloride  of  luaopuME. 
MnCl,,  rncnntly  i«oUt«(l,  atforda  atill  more  coneloaire  evUews  uf  lie 
quadrirtOcnt  rclutionn  of  tlita  element.  This  tuangpaii]  ebUnli  a 
exceedingly  unstablcv  luid  when  genllj  heated  bteadn  ap  iDl»  n> 
gaooua  diloride  and  chlorine  go*. 

To  tlio  M»(^tid  diriaion  of  the  auDgoBio  conipoonds  tMloog  uaa(f» 
hydisto,  Oi-[^n,}'0,'/^,  amd  sevvtal  vn;  unxtablo  cocnpounds  «)ii^ 
bav*  licen  tnnn^il  by  diMulviog  this  hydnte  to  differunt  ackk  lb 
sdlpbalev  bowevw,  becomos  Mtal>le  when  the  bexod  ndicnl  t*  awiriiwJ 
in  Um  salt  with  potaatiuin.  Wu  thus  obtain  an  intcro^ng  raMlf  •' 
alum, 

Kr[3fnf]'^0,-a>iS0t]t .  24  H^O. 

3d.  The  mott  diancli^mtic  comp'>uiv<U  of  in»DgatUM  wn  tW  < 
whicli  the  element  is  cither  wsxtivalent  or  iMtlivnIent,  ami  tha  Iwt  M 
a  YulalUo  fluoride  of  mangancso  ia  known  which  oontaioa  at  tail  A 
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iitoiiu  of  fluoriiM  to  errry  aXota  of  manganose,  indicnti^a  thnt  the  (joan- 
llTalenco  pf  tlta  clemeot  in  theso  eompoouds  canncl  bo  lexA  iIieui  six. 
IndMid,  tbo  flnoridee  illustrate  very  strikinj^ly  the  iliStnut  dQffKvs  ui 
qtumtiTaleac*  vhidi  mont^Dwe  may  aa&nme,  for  we  lutT«  J/m/*,  MhF^ 
[SfPtiy^  and  MnF^ 

When  an  intinutta  mixtiin  ift  K-0'ffAii<\  ^fl^OfiB  routod  in  a  cll^ 
rent  of  oxygen  ^la,  ike  fi>Uowing  ToHctiou  tflke«  plaoe :  — 

&    4K-0-H  +  i;MnO,  +  (£X£)  =  aK,'0,<MnO,+  2IIIi'£>.    [235] 

On  dtM^lviDj;  the  lesulling  ina»  in  water,  and  ovAporating  the  detp 
grtm  (olulion  thus  obt^uiwd  (vn  vacvo),  utystola  are  formed  isomoi- 
pbona  witli  ^t'^iSOf,  in  which  Um  hvxatl  atoms  of  manganese  act  aa 
Mid  tadicals,  and  we  caII  the  product  potasaic  inantpuiate.  Tlie  acid 
eorrcBpoudiug  to  this  coiupouml  has  never  boen  isolated,  and  only  a 
taw  uf  its  aalU  an  known.  Thay  are  all,  like  potaaeic  manguutt^ 
excoediuijly  uiutable. 

On  boiling  a  solution  of  potauic  miui^nate,  the  follovring  remark- 
able reactiom  Msnlta :  — 

«jr,-0,-J^»«5,  +  3  ffjO+  At})  = 
p  MnO..  H,0  +  (A\'0,iM'>t]Ot+  i  KO-ff+  Jq);     [226] 

sad  a  new  compound  callod  potossic  pommngivtinto  x»  fann«d,  in  whidi 
tho  atoms  of  mnDgnn&w  appear  to  have  a  quantivnioncc  of  eight.  The 
Kaction  takes  place  more  teadily  if  a  stroam  of  CO,  is  pasaed  through 
the  iMJling  solution  to  ueulmlim  tbi>  KO-ff  as  It  forms,  and  when 
llw  solution  U  not  t<M)  strong  the  curbouic  ilioxido  uf  tin:  atnioajibuM 
will  to  time  d«tcnniiio  llie  aatao  chnngr-,  cvon  at  tlio  ordinary  tciujwn^ 
lni«.  Tfa*  solution  of  KfOii^n^Of  has  a  dftp  violet  color,  and  thn 
rfaanging  tinta,  during  t!w>  reaction  just  described,  present  a  very  atrik- 
iag  phenomenon.  Hence  the  ci'udc  potaa^  manganate,  obt^ned  by 
laeltiug  together  MnO,  and  KO-.VOj,  ts  commonly  Iniown  as  charae- 
leoa  roinnrul ;  and  lliu  prod  motion  of  tbc  clinnidirrlnlic  gnwn  udor, 
Ointar  similaT  conditions  in  a  blowpipe  bcoil,  is  tho  best  ovidonoo  of 
the  presence  of  manganese. 

Fotassic  permanH'ui^ti',  prupared  aa  aboT©,  may  bo  readily  crystal- 
liaad,  ant!  ibt  cryntaU  an  isDmorpiious  witli  those  of  potassic  pcrchlo- 
nto;  that  i*,  A\-0,-{.V'i,]aiO^,  ot  powibly  K■0■^ftllO„  has  the  same 
lotm  as  K-O-CilOg.     from  potassic  ponnaDganstu  a  number  of  other 
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penuaogaiuitgt  !]»;  b«  pnpwed,  and  oUo  poTTiuingnnic  add,  i  Jui 
colored  Tolatil«  liquid.  FkrornDgwic  acid  ia  formed  when  th*  w 
tioo  of  a  maugauGae  taii  ia  boilod  with  nitric  acid  aud  plorabic  ibinfk 
and  a  violul  color  deretopeil  in  tbe  liquid  uiidtir  tlieae  oundiiiau  ii  i 
curtjiiii  indication  of  Itie  firesoiioe  of  imui^ncsc  Tho  pwmaupBito 
aro  tuun:  alablu  tbuii  tlic  uiun^iiumtcii,  but  rtill  tkay  raadiljr  {«rt  wilit 
portion  i>f  tlioir  amy^KU,  aii<l  act  lu  povrorfol  oxidiAng  agMta 
solution  of  potowtc  j>i}rniniigHnat«  ia  much  usod  for  tbb  pnrpca«ioik 
laboratory.     For  exampla,  il  cbangea  fertoia  into  ferm  aalla. 

(lOFf  0^-SO,  +  A\-Otiifnj]0,  +  BlfyO^-SO,  +  Ay)  = 
(5[/iJl0j(50,],  +  £,-^0^30,+  a  Jf».CVS<?,  +  8 tf.O  +  Af).  [JM] 

Tba  Hli^litciit  exceu  of  tlia  pomiang»wrt<  i«  at  once  indioatvl  lijtb 
color  it  imparts  to  the  liquid,  and  tbo  inaction  is  tlto  basis  of  i^  J 
the  mort  valuable  mothods  of  rotumettic  aualyaia.  Both  tbe  mup^ 
nates  and  the  paniiangBnatos  are  at  once  decompoaed  by  all  ot^nk:  l> 
sues,  wliich  tbx(f  rapidly  uxidixe,  and  a  eradu  aodic  pemianj^Laais  ii 
niucli  lutul  SA  a  disiufactin);  agent.  Potassic  pormaiigiuuttv  ia  baLa; 
atkiUini:  aolutiun  di!coui]Kwa  nlbainnn  with  evulutinn  uf  a  ontu 
amount  of  tho  nitrogen  as  ammonia,  and  on  Ibia  rvaetian  ia  tnoM 
a  common  method  of  water  analyaia. 

26'}.  IRON.  Fe  =  66.  —  Uaunlly  Uralnnt  or  quadriTaloQl,  hm 
nrdj  wuLtivaUDL  A  untronallj  diffiuod  olemciit,  and  tiu  ^ 
abundant  and  important  of  thu  uwful  niotal&  As  an  hocemarj  » 
gndieot,  it  cnt(M9  into  the  composition  of  abuost  «T(>ry  aubtftiuttv*'' 
it  is  the  chief  motalUc  tadicol  of  a  rory  large  namber  of  impoital 
luIneiaU. 

Oxldea. 


JIAGNKl'ITE, 

Itooutric, 

Ft.[Fr^, 

Msgnesiofcrrite, 

Isometric, 

-Wa['>j-p. 

FliANKLINlTi; 

Isomettic, 

[Zn,Um].[F^*0, 

HEMATITE, 

C-iK 

&pr.OIJLiJl  I  BOM, 

Hexaf^naL 

Red  Hruatit^ 

Mosure. 

Clat  Ihon-stoxi; 

Mossiveb 

Ked  Ocurr. 

Massiva. 

MENACCANITE, 

(rrnn 

Tituuic  Iron, 

IlexagouaL 

k?fM.] 

IROK. 

^^V                H 

1    Limnite^ 

Uaaaive^ 

[/VJIO^.         ^H 

1    XantliOMilcrito, 

iiaadro. 

(H^-tjiO,.z/.           ■ 

1    Golhitc, 

Orthorhgmbic^ 

OArt^OfH,      ^^1 

1    UMOXITK, 

OJiF^O^,       ^H 

1        Brown  Ukuatitb, 

Massive. 

^^^H 

Bbow:<  Clai  Irox 

- 

^^^1 

(nosE, 

Maaaive. 

^^^1 

Boa  Ork, 

Mwaive. 

^^^1 

YbujUw  Ochbb, 

MttAsivo. 

H 

SIDElilTE, 

^^1 

Spathic  InoK, 

KhombohodraL 

^^^1 

Cl*i  Ibox-htosb 

^^^1 

(of  tli«  cual'bcda),      MaauTCL 

^^H 

SrHXROSIDKRITB, 

Concrrtfonftry. 

^^H 

Momtit«, 

Bhombohwlnl, 

[Mp,FeyOfCO        ^^B 

Ai>l>erit«>, 

Kliotnbohedt&I, 

[Mff^€].CMACO\        ^H 

1 
■ 

Bolpbldo*. 

^H 

Troilita, 

Maaaive, 

/%«          ^H 

)[ngn«tlG  PjrritM, 

Hexagonal, 

Fr,St  or  /V^t             H 

Iton  I*}*ritos, 

Isuiuvtric, 

Aj^                      _fl 

&hrcaut«. 

Orthorhombir, 

^^H 

Mbpiuke), 

OithorhombMh 
SuIphaUs. 

/>[^.[^hd     ^H 

Gtmd  Vilriol, 

HoDocllnic, 

H..FaOfSO.^H.O             H 

Pimnitc^ 

Uonoelinic,         ^.  [Pe,CmyO^^SO.  6Ji,0                ^| 

'    Coqnimbite, 

II«xafonal, 

[i'.Jl0450J,.9/40              ^ 

Juositev 

RhomViheiltnl, 

■ 

i 

i(o^[/>,>o,-soii).ffAr,.Vfl]-o.-.?oj.9/r,o          H 

Copjftpitci, 

H6X«eonalt     O[/V,V<0,45<>)]..lS//,0              H 

BKimondltc^ 

Hexagonal,        0, 

■[^r,]^cv[j(y,.7//,o         H 

GlocV«nt«, 

l&Kin, 

o^r/v,],-  o.'^c), .  6  M  f>          H 

nhrofffirito. 

Fibraui,       0,<u>[JVJ^O^[£{^.37£;0        ^^| 

figUyogoD, 

Mononlinie, 

^^^1 

■ 

0.-«[/'r,>0^.[50,],.3/'r-0,-.*?0,.  36/^,0             ^H 

VoltaHe, 

L 

Isomeric,     /V.[/VJ.ui(i;,rto[A-(JJ,.2iy/,0              H 
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Dnttanite, 
Cocoxenite, 
Seuruditu, 
Phun>acoiudorit«, 


Orthuiliombic, 

Monuuliuic, 

Ortborbomlxic, 

BatUat«d. 

Oithutlwmbio, 


U.motri^   0^/'.'J,"ii.t>„,Bqi(a»0),.l5ft'J 
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Fxyaltta  (Iron  Olivine),  OrthoiliombiD  t  FtjO^ 

IlvniU)  (Yttnilc)  Ortlioriwnibio,  l^aiiR^^O^'^ 

Bchoilomito,  Mowivo,  C4i4,[/VJ«.0,jiw[ri,SiJ,  ', 

Compnro  nlm  Onliimbtto,  Tnntalik,  ontl  Wulftnnj  {%$  STB  and  19TI 
SUA.  HatmltorBT  ol  Iron. — Nsthnt  iron  of  roetvoric  oiipD  k  i 
nnfreqiienlly  rouDd,  but  it  ia  doubtful  vrhcthor  nativn  inm  of  UnBtol 
origia  exista,  although  instanixe  of  ii9  occurreunt  Iuivd  b«eD  npoU. 
Tlte  comiuurctal  nluo  of  tho  m«Ul  fa  bo  briiiI)  tliat  ouly  tlxw  ioA 
eT»u4  rainiimU  wliicli  nm  at  iho  Minie  time  rich,  abundant,  mtdilfK^ 
■ihl(\,  nnil  cuily  omrtltcd,  can  be  ntiliiwd  na  ot«l  Th«  mrfn]  ■■. 
which  arc  all  i^ithtr  oxidiu;  hrdmtes,  or  earboiuitos,  am  iluUtt^nM 
in  the  list  of  iron  miiieiuls  given  above,  by  a  difTprenra  i.f  ttp ;  ai 
the  names  of  thu  most  iuiportaitl  varietien  nf  the  difTcrcnt  om  t&* 
tbe  iiamM  of  the  apedea  to  which  tb»j  brJong.  TtwM  oiw  un  tad 
I'itlinr  in  vuId*  or  in  bMtN,  URORintd  with  rocka  of  all  mgn  and  of  ntf 
various  obnntcttm,  and  tho  mlue  of  a  given  <le[>«ittit  fli^qitentlf  4(fi^ 
ijuite  as  much  on  its  association  with  coal  ami  lime,  and  on  its  pnn- 
iiuit;  to  &  comineTctal  centre,  lu  on  the  ncbncas  of  tbe  on.  Hi^  D> 
givui  woaltli  which  has  been  <tmwn  ftom  tho  dnposlta  of  cby  ifon^U* 
in  t)i«  c<i(i]-beda  of  KngUnd,  on  ore  whidi,  intritudcaUy,  u  mwy- 
tiruly  |")or. 

'All  thrr  usofiil  ores  of  iron,  when  not  anhydroa*  oxides,  are  coano' 
iiito  ibis  condition  by  roosting,  awl  th«  oxide*  are  — tly  icAmIW 
tlie  tnetallJC  state  by  simply  heating  the  Kiaatod  ore  with  ^d.  1W 
amdting  process,  however,  olau  involvw  tfa«  teuton  uf  Lba  otlvr  ndNPt 
matUr  (gangao),  witb  whiuh  the  true  niw  ia  always  mix«d  Tto 
gan^e  will  seldom  fliM  by  il«elf,  even  at  the  b(gh  teapuMni*  <^  * 
blast  fbrusce,  and  it  is  almost  always  nooeamiy  to  mix  tlw  en  «ii 
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nofoe  flvx  (ofliully  liiMBtone^  wbkh  tUI  unite  villi  the  i;nngaB  and 
libnn  a  fuaible  ilaif.    The  uinu  vnd  ut  Hom«!tiiiie«  nttaiiiMl,  or  at  l«wt  bs 
AiJvnnUgi!  M  jf-iiiivU,  by  mixing  diflloent  otc*. 

If  tho  irvin  i^  rci!uc<!il  nt  a  ooispnnitJvdy  low  t«iDpnntnK>,  as  in  a 

•Icomai-f  /oryr,  tlie  niotaJ  wpitntos  from  Ibo  ntalh'il  slag  as  &  loosely 

ohervnt,  spongy  solid,  the  litotmt,  and  is  subsoquontly  renderod  com- 

[pftcl  by  liamiuering  and  rolling  while  still  ftl  a  welding  kort.     !f  the 

rfitm  is  reducwl  at  a  hlRh  tenipcrature,  ns  iu  a  fiiirf  fumaee,  the  itittul 

riiniu»  with  a  sniiUl  piujiortion  ai  Miboii  nnd  in  llicmby  mndrm]  fusi- 

[Uc    lioth  tho  fiMic^il  nu^tiil  imil  thn  milled  nlng  tlion  drop  to9:oth?r  into 

erueiblc  of  tlio  fumacr,  and  tlipro  the  dilfcrenco  of  densitv  <let»r- 

1  ft  perfect  separation  of  tho  two  molten  liqtiidH.     Thu  |>Todii<:t  of 

<  first  provees  is  n«arly  a  pure  metal,  and  is  cdlud  wrouylu-irtm.  Tho 

liid  of  tlie  aecuiid  pnK^iwM  uuntnina  a  variable  amount  of  carbon 

l^om  2  to  5  per  cent),  and  is  known  aa  au(-iron. 

With  tho  outward  aspecta  of  those  two  varieties  of  iron  every  odd  i» 

WronghMron  in  so  soft  timt  it  can  ho  midily  worked  with 

and  other  sl«ol  tools.     It  is  vary  tough,  xnd  bas  great  tsnaaty. 

i  is  exceedingly  ductile  and  malleable.    It  r«idily  fuses  before  •  com- 

annd  blowpipe,  on^l  in  small  ({iiauiities  may  even  be  melted  in  a 

J-furiia«i.     It  however  re»]uiwe,  for  its  perfect  f\]tiian,  a  full  white 

But  at  a  lower  teiDiM-'raturc  it  bucotuco  mtl  and  [diahlir,  nnil  in 

I  condition  con  bo  vrrousht  or  welded  on  on  onvil.     It  bss  a  flbroaa 

inn,  but  this  is  in  a  great  measure  due  to  tho  uiucbunical  troat- 

it  rooeiTesL 

CasViron,  on  lUn  other  Imnd,  has  a  gnnulnr  or  crystAlliite  structure. 

It  is  much  harder  than  wrought-iron,  and  proportionally  mora  brittl«k 

It  is  tlifTeforo  neither  matleablo  nor  ductile,  and  canoot  be  wrrougbt  on 

^h«  auril  like  the  former  metal ;  but,  as  it  melt«  at  a  luucli  lower  tem- 

enlun^,  tt  is  suitable  for  taHinyt.    Out-iron  dtlferH  h'nwtly  ui  qnolity, 

id  the  two  extreme  conditions  oni  seen  in  the  two  iioninKm^iil  rarie- 

lir*  knciwii  :is  tehilf  iron  and  ^ray  iron.     White  iron  hn»  ■  lirilliant 

liite  lustre  nn<l  a  lomclUr  cryHtalline  fractur«<,  is  very  brittle,  and  eo 

ard  that  it  cannot  be  worked  with  steel  tools.     It  is,  theraforo,  not 

litable  for  castinc  but  may  be  used  to  advantage  for  making  wronght- 

irou  or  ktecl.    Gray  iron  haa  a  lUiker  Ittatre  and  a  more  granular  frao- 

tUtrcL  It  is  much  softer,  and  may  be  filed,  drilleit,  or  turned  in  a  lathe. 
Although  lew  fiiuble  than  whitv  iron,  it  flowa  more  freely  when  melted, 
ind  is  better  adapted  for  casting.    II  also  contain«,  as  o.  rale,  lo«  car- 
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bon,  but  tbo  difGnvncB  of  qaalitiM  Mcmk  lo  dcpeii<l  mom  on  tlu  o» 
ditjon  of  the  carbon  than  on  tho  amount  In  wfaito  iroD  alt  tfae  cu^ 
appean  to  be  cliemically  aonbiiwd  with  tbe  metal,  while  in  ffxj  in 
At  ffreaUr  part  is  disesmiiMted  in  au  uncbubiaed  fbrin  Ummgh  (b 
moa*.'  A  frirm  of  wliite  iron,  calltut  by  tlie  Geno&iui  tpitff^titok  {■» 
lor  iron),  wliidi  crjratitUuccs  in  lUt,  brilliant  tabloit,  ntiJ  contain  ahsK 
five  prr  cent  of  narlion,  biu  appTuxinuteljr  tlto  cotnpoeitiou  Cfe^  uJ 
utotber  crrsUtlino  variaty  has  boon  doscribod,  vliicb  n«rl;  nn» 
sponda  to  C/V, ;  bat  the  «xii?t«nce  of  tbeee  compouuil:!  outnot  \m  • 
garded  aa  proved.  Spiegcleisen,  moteoret,  ia  not  a  pure  fwnKirbil^ 
Imt  alwaya  contains  mangaDGM^  tho  amount  v&iying  froBD  fua  ti 
hrdvo  per  cent.  In<loc<I,  masguieaa  ia  a  voiy  conuson  i&gicJkiritf 
cast-iron,  H  might  tw  anticipatodtaawng  tbat  maDganostan  mioenba 
ao  f^ii«nt[]r  aaaociatwd  with  inn  oraa.  Oaat-iroD  alaa  ootitaitia  ndiUt 
qtmntitiee  of  silicon,  aslpbur.  and  pboepfaorus,  brntdc*  tmcea  ti  ilim 
motols,  such  B«  aluiDinum,  caiciunif  and  potoaainru. 

By  melting  cast-iroD  on  th«  beailti  of  a  rov&rbaratot;  fbroao^lti 
carbon  atid  tbe  oilier  iupuritica  may  be  mora  or  Iws  tboioagUy  liat 
out,  nod  thn  motat  convcrttxl  into  wrotif^ltt-iron.  At  ttut  aasM  tiac  t 
portion  of  th«  iron  a  oxidized,  and  a  vwy  fusible  elag  ia  locnnl  If 
tba  nnion  of  the  oxide  with  the  tilica  almys  present. 

The  metal  thickens  as  it  beoomas  decaiboniied,  nad  thec^wngf  Utf 
thus  fumit^l  iR  (umily  »]iankt«d  from  tbo  molted  slug,  anil  bammcnila 
rotli^  into  ban,  oa  bdbre  dcecrilMML  T1i«  K^raitnr  put  of  iIm  wno^ 
iron  of  i:i>ninicivo  is  mndo  in  this  way,  and  tho  proceaa  is  called  "pe^ 
dling,"  bccaiiao  the  melted  metal  is  stined  or  paddled  on  tbe  bsattfc  d 
tbe  furnoco  in  otd«r  to  expose  the  maaa  more  oBiuctuaUy  to  tha 
of  thi!  air.  Tim  purett  iron  thoa  prepared  sltll  conlaiaa  a  anaall 
of  carbon,  which  doM  not,  hovcrur,  impair  itx  uaeful  qualitka.  Tit 
otlier  impuritim  of  cart-iron,  whan  not  wholly  remnmi,  n&ikr  U* 
wrou^t^ron  fritible  or  brittle  {i^Mt,  in  technical  langai^X  akJ  ' 
highly  ptvjndiciaL  Sulphur  makes  tbe  metal  friahle  while  bit  (nri 
sAorf),  while  phoaphorus  and  oilicon  make  it  brittle  when  ouU  {tM 
thort). 

'  liTbfQ  lh<^  fr>ctimcxhitriniUif!°<*'>*rM  ktuiu,  among  wUch  (nlabotp^'^ 
Itc  on  diitinctly  *I«ib1o,  tba  mMol  ia  mU  to  t»  mottled.  MottM  Inb  k**? 
toojh,  anil  U  («pi>c[ally  ralaed  for  coMlnf  ordnuioa.  Of  oQ  Udm  tmytm  4 
e*M-iron, — the  white,  the  mottled,  and  ItM  gtay,  ^  tho  in^-iMtws 
•eTCTol  giodce. 


« 


IBOM. 


385 


Tliat  most  Taliutblc  form  of  {tod  mllod  Rt«ol  tuAtU  an  intonaodiAto 
'position  WvFF^nwintight' and  cast-iron,  fuul  partakes,  to  &  great  ext«Dl, 
of  tba  raliinUc  qiulitieis  of  both.  At  a  wlut«  beat  it  may  b«  wurk«d 
on  the  anvil,  like  u-raught'iTOD,  and  at  a  higher  temperalunv  but  stlU, 
vriihin  the  noge  of  a  vind  furDB<:«,  it  niaj  be  melUid  and  out.  If 
Duililrnly  qMi^nuhed  in  water,  vr)ttn  nn] -hul,  it  bocouioi  a*  hard  and 
britllo  iM  irbito  oanl-iron ;  and  when  aulwcqucntly  heated  to  a  n^- 
ttimpnmtiire,  the  ttmprr  may  bo  rwliiOMl  to  aoy  (lonnd  oxt<at. 
It  n»y  tiiti*  ha  modo  soft  antl  tungh,  or  hard  an^l  clastic,  at  «iU,  and 
loD  this  rcmnrkabto  quality  its  □iimomUB  and  important  applicatiooa 
iJn  the  usel\il  aTt«  depend.  Good  steel  contains  from  0.7  to  1.7  pet 
It  of  cathun,  and  it  ia  ma<le  either  by  catboniziiig  vnougbt-iron,  a» 
the  ordinary  tmunttatioii  mirtliod,  or,  aa  in  the  BeMemcr  prooCM,  bj 
rbtmuiinh'  ciutirun ;  but  it  iji  |>rolMbl«  that  tli«  qualities  of  stool 
nd  fully  tut  much  on  •onto  unknown  cau«e«  aa  on  the  prascnce  of 
tbon.  It  Um  even  brnn  doubted  wh<;ther  the  pT«8anc(i  of  carbon 
I  wwntial :  and,  indeed,  the  whole  subject  U  rery  obecun^ 
S6C.  KetalUo  Itoo.  —  The  S/>.  Gr.  of  the  pureat  in>n  ia  S.U,  but 
riron  baa  sometimua  a  epecifi«  gravity  as  low  u  7,  and  the  density 
'  the  dilfereiil  varictiuA  of  tlin  nKital  rnngca  between  llwue  estriTUiat, 
I  average  for  good  biir-ir»n  being  7.7.  Iron  ia  distingnished  for  ita 
.  sasonptibility  to  magnetism,  and  in  this  reapect  it  fat  anrpaaiea 
oth  nickel  and  cobalt,  the  only  other  metals  that  exhibit  tbia  property 
I  aoy  marked  degree.  The  nucepUbJUty  of  iron  to  mognetie  indoo- 
diuiiniahea  aa  ite  liardncta  inaroadwe,  hut  at  th«  game  time  itii 
of  mtniniiig  the  virtue  is  anhancod.  ThuH,  iron  can  only  be 
illy  DiBgnotised  wheo  combined  with  csrhon,  n»  ia  stool,  or 
tb  oxygen,  as  in  the  magnelio  oxide  or  loadstonet  ff/^p  or  with 
Iphur,  aa  id  magnetic  pyrit^,  Fr^S,  -,  but  it  is  a  fact  worthy  of  notice, 
•ptegaleisen,  specular  iron,  Fefi^  and  eoDuaon  pyrites,  FtS„  aie 
indifTervnt  to  tbi*  action  of  a  mi^et,  and  the  same  is  true  Of 
.  otboT  iron  r»in pound s- 
Al  a  high  tarajHuntMiv  tmn  hums  rwulily,  and  nndor  Gtronble  oon- 
lition*  will  Hustnin  its  own  combustion  ({  6H).  Thr  product  formed  b 
''f/Jf  At  a  i«d  beat  it  also  decompoece  water,  yielding  tlw  same  ox- 
I  as  before,  together  witli  hydrogen  gas.  At  the  ordinary  tenip^ia* 
however,  polished  iron  retatna  ila  lustre  unimpaired,  both  in  cA-y 
'  and  in  pwt  water  (free  Dram  air) ;  but  when  i-xiK^ed  to  both  air 
moisture,  the  «tr&ca  soon  becuinM  corenid  with  rust.     MoreovsTt 
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IhU  dMDgn  u  Dot  mmlj  snpctficiil,  bat  nndar  frnTormble  confilHi 
piooeeda  ontU  the  whola  iiia«  of  tbo  ntotol  Ib  coaverted  itOu  ■  Ibik 
by(lnl«^  faanog  tlie  compodtion  of  Umoaita.  Tb«  ctiaage  aoa^aUm 
M  it  adnnMd,  aad  the  mat  &ral  fbnsed  smoih  to  act  m  ■  auiitf  of  «• 
jgpa  Uilbe  mtof  lh«  dwuL  TheeoRostMiof  woodaDdoUwrnguk 
libtv,  when  in  ountAct  with  nutj  iiuIm,  faua  been  oxplMiuod  io  a  ainibt 
•my.  It  is  bIw  «  bvorit*  tlwocj  that  a  ocatisg  of  ruM  foiBM  wtlli  ikt 
metal  a  voltaic  combtmtion,  which  MttwUj  deconpaaea  the  watv  ]a» 
«nt,  aiid  thid  ia  tboDubt  to  aocoont  for  the  Hjngttlar  &ek  thai  inuhml 
almf*  ooutaina  ammonia. 

Iron  reanUly  diaaolvee  in  dilate  niiaen]  acJda,  ynMiog  a  feimMjA 
and  hydrogen  gaa.  It  alaa  diaaotvn  in  winootu  aolation  of  ouMi 
acid  if  li«e  from  air.  Conocntated  colphiinc  acid,  even  wbito  htM 
iritb  iron,  haa  but  tittle  action  upon  it.  Nitne  and,  on  IW  ills 
band,  rapidly  diaaolvoa  tho  metal  with  erolotion  of  yO.  It  U  lis 
gular  fact,  however,  that  the  most  oonceutrateil  nitric  acid  (^  G^- 
1.45)  not  only  doee  not  attack  inn,  bat  w>  modiHea  iba  «onditiua  U 
it  may  i»ilMci)ueiitly  be  kejA  fmr  weeks  iu  acid  of  the  otdinaty  ■tmiSt 
(Sp.  Or.  not  ItM  titan  1.35)  witliout  the  alighttwt  altentioii  of  dr 
polish  on  its  surEace.  This  «ame  pastive  oondition  may  alaa  be  injani 
in  otber  waya. 

lion  enters  into  chemical  combinatioD  with  olmuat  all  tba  tioa-Bitat 
lie  dement*,  and  forma  alloys  with  many  of  tho  meub.  Cotwqwit 
ing  to  the  tbroo  degree*  of  qmntivalenee  aiv  thna  very  distind  cfav 
of  compounds :  first,  Die  fimnu  ramimuniU,  whoae  radical  ii  a  ma^ 
bivalent  atom  of  iron ;  aacoodty,  tho  ferrie  coiapoiinda.  baring  a  a^i 
valciil  radical  oonsiBtingof  two  <]aadriralcnt  atotoa  of  iron;  an>l  iMlf. 
a  few  very  onstable  salts  <»UtA/erratft,  aoalogoos  to  ifae  iiiinjinrti 
in  which  a  aezdvalent  atom  of  iron  b  the  add  nadicaL  Th«  ImI  d» 
of  «on))Kiand«,  attbongb  pnctioally  unimjiuitent,  am  iotnittita^* 
tboy  indicate  the  oloav  nlationship  Iwtwcen  iron  and  maagax^i  )■ 
iron  (liRVni  fnun  nil  the  elements  with  which  tt  is  allird  in  Ihat  tia  m 
radicals  A>>  and  [fe^  form  aqnally  stnbio  componnds,  and  |dq* 
equally  important  port  in  the  luioeral  kingdom  ;  and  Ibis  d>>aU*» 
pect  of  (he  element  ia  one  of  its  most  cbaneteristJc  and  iatfoiotl 
features. 

S67.  FeiTOna  Componnds. — The  cTyiibdlized  femmn  hkd^mb* 
have^  as  a  mlc,  n  light  gm-n  <y>lor,  and  ferrons  ozida  tmf«ita  tlw  ■» 
color  to  ^aaa.    The  aoluUs  fanooi  aalta  have  a  chataMadatie  t^ 
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Thej  m  isomorphon*  with  tlin  corrMpntuling  Gorapoiinil*  of 
aesium  aotl  zinc,  nnd  qtiito  lu  clowlf  nlliod  to  them  lutothom 
loanganese,  oobtilt,  nod  nickel,  —  tho  el«iiieii(«  with  which  iron  ia 
iu  the  Bcbeme  of  this  book.  Thus,  in  nature,  fenous  csrhount* 
I  m  intimatvlv  amociated  with  the  carboDat«a  of  raBKneeiura  and  one 
I  with  tho  carbuiuite  uf  tnuoi^ncM,  ftml  the  four  liiv«I«nt  nuliciilM  tv- 
f  pbee  Mch  otbnr  in  aliDunt  «T«ry  proportion,  not  only  in  the  cnrhonutAii, 
f  bat  ftUo  in  thn  siticntM,  and  in  a  larga  numW  of  ollior  minerals.  In 
like  manner,  fenous  eiilpbatu  (gnwn  vitriol),  like  tlio  eiilphntcd  of  th« 
aune  inutaU,  rikI  aIso  tlio§e  of  oickol  and  cobalt,  crystalli/e«  with  sevan 
BM>l<KrulM  uf  wator,  and  fonuft  doublo  wUtK  with  the  Bulphatc«  of  (be 
alknlino  melaU  ($}22'2,  231,  2til).  Tbo  sulplmti'  in  lli«  mci«t  inlpo^ 
tant  of  tho  soluhic  forrous  gait*,  but  all  tho  foUgwiiitj  are  al»o  w«U 
known : — 


Ferrous  Chlorido, 
Feriwu*  Nitrate, 
Pi>rrou»  Sutpbntd, 
FonouD  Osnlntv, 
Fttious  Fho6phat«i 


F<iCl^.4n,0 

Ft'O.-SO,.  (7,  4.  i,  01  2^0) 


r«nj 


In  solutions  of  tho  forroiis  wilt*,  when  protoctod  iVom  the  air,  tb« 
ic  h;dntt<«  give  a  wliite  procipitalo  of  forroua  hytlmtf,  FfOfH, 
the  alkaline  carbonntea  a  similar  whit«  precipitate,  which  is  a  Wf 
,rt)onat«  of  variable  composition.  In  the  proeenco,  boweser,  of  a 
,rg«  nmount  of  SlI^Cl,  neither  ammonia  nor  ammonic  carbonate  givaa 
pR'cipitiiti',  and  thu  precipitation  bj  tb«  other  alkalina  mgenls 
in  grcnt  mctuure  preveiitvd.  The  alkaline  sidphidva,  newKbelen^ 
ipitnto  the  iron  wholly  a»  n  hytlmtwl  furroiu  sulphide,  and  so  does 
ItfS  when  tho  solution  is  nlknlinc,  hut  not  whrn  the  slighteKl  ex- 
of  any  mineral  acid  is  present  Solutions  of  lh«  fiirrotis  aalta,  when 
poaed  to  tbe  air,  absorb  oxygen,  and  the  ferrous  cliaogm  into  a  fenic 
mponnd.  Tli«  aaue  ia  tme  of  the  ferrona  precipitaias  formed  aa  juat 
ibcd,  nil  of  wliich  are  rrry  rapidly  oxidised  aa  soon  aa  they  are 
to  tho  atmosphnro.  Tlie  prndncta  in  any  oiae  ate  determined 
▼arioUA  conditions,  but  the  following  nm  some  of  the  moit  charM- 
iriiiUc  of  the  reactions :  — 

|[4  r^OfSO,  +  2  BfOiSOt  +  Aq)  +  ©<D  = 
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(20  FfOfSOt  +  6  ff.0  +  jl?)  +  5  «>tD  => 

a (0..[Fe.l.O,SO, .  3  H.O)  +  (6[ft^JI(50^  +  Aq).    [»| 

4  Fe  O,  H,+  2>3I)  =  20lFeJ»0/H,.  [IM) 

368.    Fenlo  CompouDds.  —  Fetrtc  oxide,  wbea  dusolTed  in 
bonuc,  ua[arU  to  tliq  glius  »  jdlow  or  yvUowUib-ittil  oolort  >tti 
■>r  ihr  fertic  compounds  «ffcct  tho  Mmo  tinta     Tlii-y  jun  iaonnphM 
with  the  wmspondtog  compounda  of  aiuntiuum,  nnd  closely  iDtti 
them  in  lli«ir  cbemiml  ivlatioiu.    Tbe  loilowiu){  u«  tlte  owot  tiB}M- 
tant  of  the  ttolnble  iiomuU  MUbi :  — 

Ferric  Cliloride,       [/VJTC/, .  6  //,0,  also  with  9  or  13  B/i 

Ferric  Nitrat*,        [/VJIO^Vt'O,),  .  Mfffi,  alxo  with  13ir^ 

Ferric  AoeUt*,        i^*^'^O^C^Hfi\  +  ^» 

Femo  Sulphat*,      [^'JIf>^50J,.  »^,0 

DUnimonio-fcmc  Sulitliatc,      (.V//J,.[^fJ»«C',Tm{5<?J,  .  Mff,0 

Ferric  OsaUtr,        [»j3l(5J(6',0,>, 

Sodio-fwTic  Oxdlato,     iVo,[ftJ«i 0,^(7,0^  .  fi  It^O 

Ferric  acetate  cannot  be  OTBtuUinO,  an<l  tho  ferric  Mlt«,  »  a  ^l^ 
oryHtulIivu  with  difficulty.     jVll  the  «cll-i»nrk9d  raJionk  of  Ute  17*' 
[ff  JI  mniiir<»t  n  reij-  atrong  tcad«DC]r  to  fonn  basic  oot^oondt  (j 
and  [47]),  and  ihv  ferric  nits  fumi^  *  striking  illuatTtttton  of  the  (;» 
eisl  principle.   Moet  of  the  native  fetrie  tail*  aro  baaic,  and  the  i^h* 
of  a  noiDbec  of  auob  eampoaiidtf  have  alrmdjr  boon  gimn.   TIhui  mna^  I 
ration*  will  be  but  andotstood  if  tliey  am  atudiod  in  connectioD  > 
the  rarioui  hydmtea,  frcno  which  thejr  may  be  n^nnleO  as  derini, 
a  table  of  the  poseible  ferric  hj-draiee  is  eaaJly  made  nflor  the  prir 
of§  131.     Of  the  compounds  wliich  are  thiu  tbeomtjcaUr  imikT! 
la^n  number  are  easily  prepared,  aiid  n  Mtilt  larger  number  are  ■]  'i-- 
funncd  when  the  conditions  huppiMi  to  be  favorable  ;  bat  as  tlit  <•* 
pounds  become  more  basic,  they  soon  lc»  every  tntc«  of  cmulb 
atructure,  and  with  this  all  evidence  of  dt-tlnite  ch<>iuicid  condttaiia 
diiu]>pntn.     Tliu    products  an  tlien  amorphoos    or  ooUoidal  yW^ 
which  prrMnt  in  their  compovition  OTeiy  powtble  gtmlatwo  luji^ 
certain  limits.* 

a  SoIutioniorTarloD*  baste componDdsar*r«adiljobtaiiMid,  alUwr  tf  itailnv 
fnalily  |>m-lpiutnl  ferric  bydntc  in  ■  aolatian  of  altsiat  any  hrrm  «Jl,  « 'V 
|iaTtiiU]r  ibaimctinii  th«  iirld  of  the  lolt  \if  tlic  csotioiu  idilitji^  1/  ta  ilUL  i 
aoliiti(iii  nt  Teiric  Dilntr,  fnr  vxniiijiU',  may  Ihn*  be  nudn  lo  take  n  w*«  ^ 
tionol  «iani>  at\Fi^.  On  dloniug  mch MilnilMnio  evaporate  tfniam^i'tt 
basic  compouods  may  fm|DCDtly  bo  obUtned  In  tW  aoUd  itata. 
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All  the  more  b»ic  ulta  an,  a*  %  nle,  insoluble  in  wat^r,  but  in  mv- 
caaes  tbojr  affect  both  a  aolable  «ild  aii  ioaoiubla  mixiiiiuktioii,  and 
ider  certain  coiiditiuim  the  lint  ubau^  into  thu  Inat  on  (imply  boil- 
tug  Uio  sulutiiitu  Tint  Holubln  condilioii  Rpgicnni  in  all  c«wa  to  be  a 
colloiiUl  modirMation,  und  hy  dinlyiing  (j  61)  n  eolution  of  ba^ic  fenic 
chloride  it  is  pnonbt^  to  remove  almost  all  the  acid  radical,  and  obtnin 
if  a  pure  aohition  of  ferric  hydrate.  Thta  aolotion  coagulaUM  mi 
ing,  and  th«  forric  hydrate  thus  paaaea  through  eilooeBii<ra  «t«^ 
of  debydratioD.  On  boiling  tliu  water,  the  dehydnttion  procoeda  still 
furllicr,  until  at  U«t  a  tiydrat«  coirecpondiRg  lo  tiothito  is  formecl. 
olao  Iho  vulumiiiuua  hydrate^  lirM  pnicipitatcti  by  alkaline  t^ 
from  c»ld  solulioiM  of  fcrrio  salta,  usdvfgoea  a  ntnilar  chaof^ 
T  the  same  conditions.  Thcee  bets  would  l«ad  as  to  infer  tliat 
'  eoagulatjou "  of  the  aolutioos  of  the  basic  ferric  aalta  is  cmiued 
hj  the  elimiDation  of  a  Mrtain  qnantity  of  witer  ttoa  tlie  raoleculM 
of  the  coniponndiL 
The  fnxic  compound*,  althuugh  pnnnnnont  in  the  air,  are  eaaily 
:aced  to  the  forroos  condition  by  the  feeblest  rcdndng  ageRt& 

([f'^OU  +  M)  +  ^«  =  (2/VC/,  +  ZhO^  +  .<7).  [2S1] 

([/V,1C¥,  +  ^5  +  Jj)  =  S  +  (2  FtCl^  +  'XHa  +  Aq).    [233] 

In  flolutiona  of  fenic  salta,  the  alkaline  hydtal«s  and  t&rbonates  all 

Te  a  red  precipilala  of  feme  hydrate,  whose  constitution  varies  with 

condiliont  of  the  exjierim^iil,  as  indiculed  above.      Thu  preeipi- 

is  uttoluMt  in  an  axf*t  of  todie  or  poteuMte  Ayirate.     In  the  Mine 

Holutions  potasaic  anlphocyanate  strikes  a  deep  red  color,  and  potaode 

m>cy»nide  girea  a  deep  blue  precipitate.    These  reactions  are  v«tj 

oliuit^t,  and  enable  ua  to  detect  tlie  emallo&t  amount  of  a  ferric  com* 

lund,  tvt:n  in  Lhn  nolution  of  a  ferioua  mII.     Thu  furmiu  oompouDd, 

:nder  the  tame  conditions,  gives  in  one  cam  no  color,  and  in  the 

.her  a  white  precipitate. 

269.     CUoriawa.     FtCt^  and   [/VJCT,.— By   areftjily  hnating 

HtalliMd  frrroux  ddoridu  ((  2C7)  out  of  contact  wit])  the  air,  the 

.nliydronir  ciimpritind  «in  !«  obtained ;  l>ut  a  lolution  of  ftirric  chlo- 

idc  cannot  be  rcndnr^d  anliydrous  by  ctrapotation,  «nce  tho  hydrong 

impound  is  decempoerd  by  beat  into  hydrochloric  acid  and  ferric 

xido.     AnhvdrpMB  ferrviua  chloride  can  also  be  obtained  by  passing 

oTcr  ignited  metallic  iron.     Anhydrona  f<Mric  chliirido  can  be 

prepared  in  a  siniilar  way,  tuing  Ol-s9!  inateod  of  SidH.    The  first 
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Tialda  *  vbha  soblbiHto ;  Um  neoDd,  which  u  the  man  vtibtlk,  k 
deponted  in  biowiuah  ctyitallim  aealea,  uid  lh«  Sp.  Or.  of  ita  <np« 
liM  besB  dctermiDML  (Table  lU.)  Pram  this  VKpur  deiwity  ud  tb 
prfaeiptoB  o(  4  35  uid  {  83,  w«  iafer  that  tha  moleeuUir  ttractsn  d 
tfau  compiKuid  ia  eonecUj  npnMDtad  bj  tho  symbol  CI^Frft^Jt^ 
tad  tba  atwlciii  abooU  aotiM  that  aa  utiwl  stom  nay  tfatu  aaiw 
Um  awabhiK*  oC  »  panaad.  Tfaareanfinoddes,  bromklm,  anJ  toJiila 
coRMpoadtng  to  the  chkuidcst  bol  tbej  hare  do  apeciol  intorart. 

370.  Oxidea.  — /VO,  [/VJO,,  Fe,[rt^^O,.~- ¥imm  csi-i- 
majr  be  pRjon.-!!  hy  boiUi^;  in  Ibe  Mnvuiwlin);  vratnr  thtt  rohnBisv.' 
irhito  bydnto  obtaiiwd  wbcn  an  aUialt  u  added  to  tha  autuiiiK  4 
ft  pan  krtma  aaU,  omnj  tnca  of  air  being  carefully  >txrIud«(L  H 
exposed  to  the  air,  it  npidly  abeorba  oxygen,  and  [/VJ  O^i*  the  lad 
nntlt.  A  blaek  pTtuphono  powder,  obtained  by  igniting  fernHi(«i» 
UtA  in  a  oloee  ytaael,  it  a  mtstun  of  the  aune  oxide  with  HMtailic  ink 
Perrie  oxide  is  pfeparsJ  fur  the  arta  by  igniting  green  vitriol,  oc,  tsl 
batttf,  forie  solphatc  It  taiaa,  even  wfaaa  most  lujihly  lerijjMi^ 
a  vwy  bard  povdar,  much  tuod  for  polishing  ghai  and  uMUUis  mt- 
boea  (Colcothw,  Crocus  Maitia,  Rouge).  It  is  alao  uecd  aa  a  leij  paA 
Femcpuk-ieRic  oxide  is  EoriBed  when  oitber  of  tho  other  osidat  li 
tntcudy  healed  in  the  air,  and  musl,  thetcfoiv,  bo  rc^uded  m  tb 
BMet  stable  of  this  daas  of  eonipuaiKU.  It  is  distinguisbed  If  A 
ann^bilitf  to  magnrtiMn,  and  its  cryitoUiao  fonn  (}  10A),whicb«* 
DMte  it  with  Spinel  ({  363)  and  otber  allied  iaomur^buui  oooqiouJa 
BceidH  the  above,  one  or  more  intonucdiate  oxidos  have  ba«n  if» 
tingoiahcd,  but  tfaey  are  [Hobahly  mixtares  of  the  oxid«a  stiWf 
named.  As  baa  been  alnady  «Ut«l,  both  tho  oxides  and  tb>  ij- 
diatM  are  abondant  native  mioi»als  aiid  impOTtant  orea. 

271.  Solphldea.  —  The  fuaibfat  piudiusl  obtained  by  nalttiiii  lo- 
getber  iron  and  milphur,  and  so  much  asod  in  the  laboratory  far  mk 
ing  HfS,  is  eaaoatiaUy  fem>iu  culphid*,  FtS.  altboogb  its  aan|M«li* 
is  not  abeolatdy  oonstaDt.  Tlw  same  compound  nay  be  tamti  If 
mixing  llow«Ta  of  sulpour  and  iron  fiUnga  with  wat«r,  and,  mbw  Us 
raraltiag  oompound  fermsaeobvniut  mass,  this  niixtun  is  tucfol  oidir 
oertain  eonditions  as  a  eamenL  Ferric  disulpiiidv,  frS^  {Iron  FrtiM 
is  by  for  tho  most  abundant  of  Um  native  metallic  sulpbiilM  H 
ooctits  in  almost  all  mineial  vrtns,  and  is  known  to  tbn  nuivn  *• 
Uiruiic.  It  is  i««dil)-  dislinguislwd  by  \U  yt-now  color  and  grssl  Iw* 
Tlie  more  compact  rsriotiss  an>  very  reuatiug  mitmrak,  b«t  lb*> 
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J  of  A  looMr  texturo  mptiily  crunibk  when  oxposed  to  tho  atmoapliiere, 
I  Sitd  this  is  (wpciciallf  trtie  of  tho  oithorhombic  rariety  called  MarauiU. 
1i«  cruDibling  of  many  rocks  is  alea  GAiHod  bjr  tbe  osiikLioa  of  the 
pyrilos  which  they  contain.  Although  meixm  u  sn  ore  of  Inm,  oont- 
Iaiuu  yjnU*  in  i«ce«diDgly  viJuftlilu  m  »  wiuivo  of  Mulphur,  aiul  for  tho 
^BDUiufBctiin  of  Hulphurio  uoid.  T)io  nu^otic  •iilpliid*,  h'f^S^  has 
dj  boat)  nMtntioQvil,  oitd  tjinro  ia  al«o  »  sulpliidc,  »,*S',,  coite- 
omiing  to  the  msgDiitic  oxid^  and  uiolkor,  /V^.  correspond  iug  Ui 
ElHrric  oxide;  Moieorer,  sulphides  of  the  compoutiou  Ft^S  and  Fe^ 
[lUTe  biwn  formed,  hut  it  U  doubtful  wliollior  thi^y  am  d<ifinit«  com* 
inda.  The  black  pffecipiUteii,  obtained  when  an  olkAliDB  sulphide 
F  added  to  th«  (olutioo*  of  fcrmiia  and  Gerric  mlt«v  on  Mther  sidpho- 
bjdntt«s  ($  175)  or  moleoalni  compounds  of  the  sulphide  and  wotcc 
an  both  vei7  uodtable  producta,  and  npidlj  oxJdixe  when 
to  the  air. 
272.  Penate*. — Patnule  femt*,  K^O^FtO^,  nay  bo  prapofod 
lh«r  hj  fuiin^-  ferric  oxidn  with  tiitre,  or  by  pnaiing  dilorino  gaa 
brougfa  a  very  stroog  dilution  of  potaaaio  hydnito,  in  which  fame 
ide  U  suspended.  Both  tba  fuMd  mu*  of  ths  fint  nmction,  and 
black  powder  di.'pc«)t«d  from  IJM  alkaline  si>luli«n  in  the  aeoond, 
idd  with  water  a  buautiTul  violatoolored  auluiiou  of  potsstic  femte. 
I  ooinpound  is  Tcry  unstjible,  nnd  hiw  merely  a  tbmnitical  intcrmt. 
poTTnt«i  of  tht<  alkaiinq  earths  ara  atto  known ;  bnt  neitber  ferric  acid 
yt  any  compounda  conwpondiiig  to  the  pertuaaguatea  bare  as  y«t 
discovered. 

QUESTIONS  AND  PROBLEMS. 


Man  Ban  MO. 

1.  By  what  umple  blowpipe  le«l  may  the  prSKnee  of  maiif;*Qeae  in  a 
mluetul  Iw  regoguJwd  1  How  isa  is  the  color  of  the  manganuw  niiiiuak 
«lMtacteri*tic  ) 

t.  Compare  th«  manganons  with  the  nickeloos  and  cahaltona  tahai  and 
how  to  what  extent  th^  r«««roblo  wch  other,  a*  w«U  as  indicate  the  poittta 
rdiflmnoe. 

S.  Ooiupare  the  antosonio^ta  of  the  Mmo  ihron  cicmcntii,  and  nek  the 
I  of  the  diff«r«nc«  of  the  cffccti  which  the  atntMphcrtu  aii  pioducaa 
I  aolation*  of  thcM  Htlta  an:  cxpocod  to  itn  uiUuenoo. 


992  QUisnoMS  akd  problems.  un 

^  B«yi«Mnt  hy  gtajAta  ^mboli  tht  eonalitiition  botli  of 

i.  Writ*  tbo  Toaetioa  of  poUnic  bjrlnap  on  a  aoltitian  nT 
tliloriitii,  awl  ih«  rurtbcr  naetiiMi  when  Uic  nwullfatg  procipUoiB  U  miW 
to  tbc  atmo*]ibi!ric  air.    Aanune  that  ibu  fiml  prDdiut  ta  m*igrT*f  bfjnK 

6.  Wrile  Ui«  TMction  of  bydTo^teodk  pha«]>bate  and  anuuonii;  lij^A 
cm  a  »o)utJoiD  of  aunganoia  chlorido,  and  kIo  fodlcate  U»e  funlierdiv 
vbixh  ukaa  phun  on  igniting  the  nMltiiig  pncipitote- 

7.  Uak*  ■  U*t  nf  tfae  oxiilc*  cl  iiuuj,-BDeM,  ami  ahow  bow  br  tbtf  eai*' 
■pood  to  the  oxido  of  nickel  and  colah  on  tliL>  ouu  aide,  ntiil  tn  tinw  rf  ■■ 
041  Uw  (itfai^r.  Moke  obo  a  rituiUt  Mmpatiion  of  the  diffetwU  lijiiniK 
Compare  abo  th«  diflcrtnl  oxUI«a  and  hfdntiM  as  rcgonla  ilicir  nlittii 
atability. 

B.  Of  tlic  mcUl*  thiu  ta  rtadwi),  vhlcb  are  i>T«dpIUted  fran  aol  w^ 
tionn,  and  which  only  troia  alltoliiM  mi1u1io«u,  1>/  if,A'  7 

0.  By  what  tolreiM  ma;  Uia  aulpludOT  of  wrnBiniwe,  litu,  aal  «IA 
wtMU  precijQtatad  togetfaor,  be  MfMtntcd  ? 

10.  In  wfant  (illicr  wnf  may  mMig«iww,  whoi  En  aolation,  be  MjaMl 
Awn  nickel  aiid  ootialt  I 

1 1.  To  what  rcLttkiiuhip  doee  the  crjnrtaUiDa  fonn  of  the  naUrt  aAa 
■let  of  mangaticM:  point? 

Ifi.  By  wlul  mean*  may  tsmagfijuan  be  aepHratml  Inmi  xiae  wIm»  baib» 
preeent  tii  ili«  umo  (olntion  ••  accUla?  If  ihojr  mn  in  Um  eoodiliM  d 
cU(md««,  how  may  tbcy  be  mdity  <onven«<t  inlo  aootuet  1  Bow  fa  uf 
tiie  umc  methods  be  naed  to  aqianrto  ■>Dgl»eee  frooi  Uie  irwlpHk  tatek 
{■raviotuly  atudiod  I 

13u  Wriu  the  raiclloii  of  tbe  atmoophorie  oxygon  on  «  aolukn  of  Ma» 
nio-maoKUiou*  chlorido. 

14.  Write  the  reaction  of  cMorine  giu  on  mongiUMma  eaAoaatu  tmfmU 
in  water. 

15.  Bcprew-nt  by  graphic  aymbols  tho  conititatioa  of  Pyruluito.  fcB- 
il«,  aod  HaiMioaaBiUv  ai>d  «(iida*ror  to  haimoniM  Um  iiijanllimmihii  A 
tion«  Htalad  abora. 

16.  RepreKBt  by  graphic  tytnbola  the  oonrtitution  of  Uu^oik^ 
Qotbile. 

17.  Write  tlienacdonof  aalpfanrieandolwoflijrdrasUQtie^liBHA 
of  the  tbiee  oxide*  IfnO, .  Mafi,,  Mtt^O^. 
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18.  Wlien  B  nustufe  of  JJnO,  mi  culic  acid  U  heated  with  dilute 
mlphiiric  lurlil.  t)i<?  pruduuU  an?  suiitf^nous  nulpluili;,  wuIlt.  diid  curlionk 
dioiifli;  K""'  Wrili!  the  tvaclioii,  and  ciUcukte  liow  miivh  CO,  would  Us 
Ibmied  (or  etvr^  giituiuiv  uf  MnO,  lukuu. 

10.  Ckn  yoii  b«iw  «n  tli«  tmction  jiut  written  a  metfand  nf  dMcnnining 
the  pnril,v  (if  the  eoiniiirtcinl  "lilnck  tutiilii  of  nuuiKUioie,"  whidi  in  (i«- 
au«iitlf  u  mixtutv  of  the  dilfociit  unlive  oxidca,  tuid  ia  mrIuIuuci  iidiil* 
I  wiUi  pond  I 

SO.  Anuinlii^  tluLl  otie  grankme  of  a  sample  of  the  oomuieruiil  oxide  arts 
.  ah  iiU>v«,  0.654  gi'ammo  of  CO,,  how  much  bluichiiig  ealU  could  be 
niira>:U)ivd  wilb  l,(KKi  kila  ot  the  oiidci,  auuming  that  the  sj'inbol  of  the 
ng  *alto  »  {_QfOya,  I 

I.  AVrito  tli«  itMction  of  MnO,  on  JICl  -f  Aq,  nmraiiig  lliat  VmCI^  Is 
,  formcil  and  eulMTquently  dcixiinpoial  by  the  beat  «rap1o7ML 

Kuprewut  by  graphic  Bymbola  the  coiutitutiou  of  numgunic  and  man- 
■oiu  alum.     ($  £63w) 

93.  SUK^  ibo  diatinclion  bctw«cn  the  two  cluMS  of  manganic  oomponnd*, 
iliiiHlrntc  by  ivtirawniting  the  conititatinn  of  5i*fi^  Ont  as  a  nonnal 
i)uioxJ<l«,  and  ncRondlj  aa  a  moluciilor  oomixmiul  of  iimigMKniii  oiido  and 
npnic  dioxide. 

OompaR  the  nuiignnie  cani|Knmds  with   tbe  ootTWpandiiis  com- 
of  nickel  aud  cobalt    CuiuiideT  in  thin  ootmectiun  the  reliitive 
llt^  oi  thu  nilMtoucet  cAiupaHd. 

29.  Re|mKDt  the  constitution  of  potawie  mangannte  hy  a  gnphlc  ^mbo), 
1  ooiupun:  thi«  with  tbo  grspbic.  fiyinbol  of  poUMic  >ulphal«. 

TToir  tta  Aat*  the  iiimiorphinu  of  the  xnlphntm  with  tbi!  mangimntM 
Ddieatc  th(i  ijuAntivalcnce  of  the  loetaUio  nuiioal  in  ibive  compoiindt  t 
That  abould  you  iufcr  from  tbe  i^ruat  difTcrencv  in  ibe  NUbility  of  tlie  two 
I  of  Mtt«  in  R^unl  to  the  lextivaleul  uondilion  of  mau^neav  I 

S7.  Analyta  Kaclioii  [335],  and  ahov  that  it  tiima  on  a  cbange  of  i|uaiiU- 
cnoe  in  the  motiganew  atoma- 

i.  !■  it  nectwaiy  to  awume  a  nmilar  change  of  quantinlcnce  in  roac- 

[3se]t 

R^reaeat  the  conKitution  of  potawc  p«nnanKanate  by  a  graphic  aym- 

,  both  on  the  nwuniptinn  that  the  titonui  on  ovtiTulent  and  also  wsiuning 

Ihej'  AID  itiil  HxtivoIenL    Coii  you  give  any  rawoua  why  one  n'nibol 

.  ba  more  probable  than  tile  oUiei )    Does  uot  Hut  fact  that  the  per- 
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lOMtiffatKtn  It  mart  ■ubb  tbu  t&a  mtnginali-*  linTe  a  beaiiug  ca  tk 
qaMtion  ?  ^onr  an  yon  nconcUc  th*  iaoiBorpliuni  uf  tlic  |»niuii^Ba* 
nod  tbc  pcrchlontoL  BkuwAncM  btiiMi  an  vtiAcl  Atid  f  hloirinT  *  Mis4 
clement  t 

30.  Writo  tbe  naelion  when  ft  folutioii  of  nutagKBoiu  '■hlwhl*  it 
with  fnx  nitric  acid  and  pioDiliJc  dioxide. 

31.  Uvw  ooulii  RtKtkiu  [S7J  be  B««d  ta  (ktenolDC!  itic  aiaoiuit  U  tm  ■ 
n  tprea  boIuUuh? 

32.  Wliat  do  70a  r^fjAid  as  th«  chief  chanctetistic  of  manflanaE  w 
ptnd  with  the  allied  DieuJtic  rodicalf?    And  why  does  (bit  atodrrf* 
compouitds  have  a  puculiaily  important  bearing  oa  chtiiai<:«l  tboadcsl 

33.  Doca  not  the  ntudy  of  the  iiiati)[*ne«c  compounda  IndicUs  • 
rnlicmol  iliu  of  tiic  tcrmiiiAtiona  oiu,  ie,  iU,  tud  alt  in  tile  DonModmi  tl 
cJieniistij'  ? 

31.  How  mtqr  the  principle*  ot  the  aoiueacUtutv  atAttd  in  ClwgHv  X  W 
exloildcd  >o  aa  to  exptcaa  acciuMeljr  11m  coMtjIutiua  of  tli«  man  vac 
chemical  campoaml*  1    aiv«  ntUa  baaad  <m  yoar  ow-tt  exponaaca,  laa     - 
tnta  tbeni  b/  axampUa.    Bew  in  mind,  however,  thai,  aooordiiig  In  Uk 
ma^  tbe  Oreelc  nnnwrala  nee  employed,  rather  tbui  Ibe  t^tja,  ■■  pdw 

Iron. 

35.  Comper*  tha  native  cocnpounb  of  manguMae  md  iron,  and  pcM  M 
tba  anolo^iaa^  «*  well  m  the  dilToRciocM,  which  jou  obMrrcL 

36.  CoRipon  in  the  aame  vaj  tb«  uatiro  compnunilit  at  nickrl  aial  riM 
with  tliME  ot  itnn,  i>af  iiig  apecUl  utttfutidu  \»  Hk  ■ulpUida  and  ■[waiia 

37.  Compare  the  naiire  wmpoiuida  ot  iM^netiuni  and  sine  with  tbatf 
iron. 

36.  Tfa«  minnml   FWnita  Indicatu  wbnt  relatioa   bwtwwen   aam  W 
copper ) 

3!>.  Why  U  not  PyritM  indiiuied  amons  the  ore*  of  tavM)  f    8tat»  ^tf ' 
the  cinumitoacw  on  wliiv))  thu  value  ofa  bed  of  iron  on  dvpaftda. 

4a  The  Sp.  Gt.  of  Pyrila  is  OS;  thai  of  M*iT«aite.  4.7;  and  1^4 
Hi^ickel,  e.S.    Coupan  tht  moUcalar  rolimw  of  tlwae  mjattah 

41.  Make  a  tab1»  ^vinn  the  xymholi  of  Uw  mlw^rnlfl  {MnnoipbaB  ^ 
Irou  Pyrit«*  and  Muvuitc  ntpcetirely. 
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43.  Eipbhi  tbe  thMt;  of  Om  "Bhat  Pmasee,"*  mi  abuw  tlmt  tb« 
bmuxtiun  oS  thgn  «r  tbe  right  fustbili^  b  CMantjal  to  Uie  RUt-ti-te  uf  Ui« 
,  Aiiii  ibni  ihr  jiroponjnn  of  flui  miut  be  diffemiUjr  a4<^^  kc«utti~ 

;  ui>  coUi  or  bot  lilimt  is  itxcd. 

43.  Tbe  iJog  formed  botk  in  lUe  bloum&iy  iotgt '  and  in  ttte  puiIdUiig 
KX'ti  *  i«  a  nry  tixmhU.  fvrrwu  tiiUoal^,  having  ApproxiiDAUly  ihe  compatf- 

oil  Ft^O,tSi.     Kxi'kin  the  ibmry  of  lhc*«  prot-emM,  and  eliow  Uial  ibe 
.  fluibUil/  of  Uic  e\ag  is  nn  cwmtinl  RonilitiriD  of  the  pmluctimi  of 
ijht-iron.     ('ould  thv  lue  of  iron  iu  tbe  ilug  bn  dvoidcd  1     Uow  do  yon 
at  for  Ibe  law  quuitivoluecu  of  iran  in  tbii  product?    To  what  rain- 
I  doe*  it  oorraiioDil  in  compuutiou  t 

44.  Expluiu  tlie  theory  of  tbe  Beawmer  proceaa  '  lor  Kfiuiug  <«M'iroB  or 
;  BUd,  and  coDipiuv  it  with  th«  puddling  procew.  Consider  wpeeioU; 

he  effects  of  tbe  voijr  high  tcmiKiratiue  attaiosd  in  Doewmor'a  conretter. 

4S>  CotDpotc  tbn  ijOBlitiia  of  imn  in  iU  thice  oanditjoo*  of  oMt-inui, 
gbtiroo,  and  xtccl. 

4&  State  the  dif&rvacw  between  tbe  eeveral  vndetiee  of  ca«t-in>n, — 
ay,  lucilled,  wfaUe,  end  epiegelelaeu. 

47.  When  white  (ron  in  iliwolveii  [n  acid,  oil  the  carbon  ii  ccnvotwl  into 
voklilu  bjdrocarbon  nil,  wbihi  uud«  umikT  circnnmuutceB  gnj  iton 
■Tea  a  large  leiidaii  of  graphite.    What  wndiuiou  do  jrou  dmv  front 

ifflCllI? 

48.  Write  the  itoction  when  iron  bimi. 

49.  Write  tbe  icoction  when  iilaini  ii  piuntd  over  rad-bot  iron. 

50.  Write  the  njootion  when  iron  runts,  aunminn,  lit.  That  tbe  metal 
ftwn  the  oxygen  wholly  from  tlie  air :  2d.  That  water  i«  decompoecd  and 
itBMOia  fanned. 

Bl.  Write  the  reaction  of  an  aqncon*  (olntion  of  carbonic  add  on  iron, 
that  no  air  t*  prtsent.    niiat  i«  tbo  nutim  of  the  volution  thuii 
I  ($189)7 

OS.  Write  the  nwction  of  dilute  mlphuric  acid  on  iron,  and  inquire  how 
itk'li  thi!  acid  *houlcl  be  diluted  in  order  to  obtain  the  bant  effect  In  pro- 
arinfi  frrroiw  (.ulphiilc,  why  h  it  best  to  n«e  iamnu  milpbido  initeod  of 
iron? 

63.  Write  the  rntionnl  «yni1inl  ofdipatando-fMrom  mlpliate,  and  compare 
>  couttitutiou  wiih  Ibal  of  tlie  iioniorpbaui  feirona  sulphate  ({  387). 

*  8e«  Beeeoe**  C^niiaby  «r  Ferty'*  Uelallaigy. 
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M.  Conporv  ittc  ttilpbaua  of  nugniMiKBt,  tine,  UMagiatm,  tad  tnft,a 
iVKUiii  tbi'  mj-iiit;  qiuntttiw  of  waut  of  cr^sudlixation  nth  «bd  * 
•evenJ  mIu  Euy  tooabaae. 

G3.  I'uiv  ri-rniuH  utiniM  Dioj  be  obuiaed  bj  dioaolrum  fcmnu  nlpw 
In  dituto  ultiic  aciiL    Write  the  raaction. 

G6.  When  meullic  iron  U  duaolvod  in  dilate  nitric  acid.  Lbs  |«nJuk« 
feiToiu  nitrau-,  unmoniG  iutnit«,  and  wttUr.  Wrilo  Un  meUon,  and  «» 
puc  it  witli  the  U*L 

A7.  Write  the  Ttnction  of  nitric  aciil  (comnrian  ■Ozenglb)  oa  iran,  aKi4 
ttut  the  productB  urv  ferric  iiitnit*:  and  nitric  oxide 

as.  Fvmicu  ])b[M[iliat«  UfoRU«d  by  prcdpttation  on  ildtag  cobuimi  mk 
pbiwpiuiti;  to  tliv  (ulution  of  »  fenoiM  mH.    Write  the  reoeticni. 

W.  FcTTuiia  oxalate  ix  obtained  on  adding  Munomc  osaUtc  h>  •  nldls 
of  foiTOiM  RiIpbniG.    Write  the  rcMtiiNk 

eo.  Writv  thi!  ruiKtiou  vbicb  toW  place  wbcn  aodie  hjdnl*^  »  Md  V 
•  cold  wlutitm  of  ferrciiw  «ul{ibal«,  lh«  air  brfiiiK  wbnll}-  ciditdiU.  TlA 
funbet  chaii};K  laket  place  if  lli«  liquid  la  boUed  in  wbicb  tli«  juiijMilill 
■amended? 

61.  Wtit«  tbe  ructloD  of  nnimoalc  tulpliid«  on  n  onTotioa  of  fionw  iA 
pbate,  UMiming  Hut  tlw  pi«d]<itAte  Ajlm  Ito  molecnloi  of  water. 


es.  Wtili-  Ike  reocliuB  of  todlc  carboixate  on  a  K>tntiun  ot  fume 
aiHiuniii),'  ih&t  tbe  conRiilutioii  of  tli«  pmduct  )a  aiMlogotui  tft  llut  bad 
wbeti  tlie  same  resgeDt  10  added  to  a  Mlatiaa  of  nMsii**>c  >*il|ib«t«. 

63.  Write  the  rotation  of  iodic  oubomatc  an  a  Milntlon  of  firroo*  tkbdfc 
fim,  wbcn  the  lolution  i«  cold  ;  wcondlj,  vthra  it  w  buUing. 

64.  Ferric  hydrate  diMolvea  in  a  aolutioii  ot  octd  xntawiii  o^ol^  faMf 
potOMJo-ferric  nuUtc  Write  tlie  ttuctiou-  Wbut  pmcticiil  arjiTlialM  wt( 
be  made  of  it? 

ec.  Normiil  feme  oxalate  is  precipitated  vrbnn  aalinht  exccM  of  aqfiB 
m11  i«  mixed  irith  niKiliitioa  of  aiiuiiaiiicMBUt«'  Writ*  ifae  rvaciM-  th 
pncipitotnl  f«mo  oxalate  reodlly  dlNobrM  in  a  atdntion  nf  »<•?>'  ^^ 
Wbol  compound  la  probably  forrocd?  Wbeo  ihia  Milntion  i- 
Ibi' nun, /BTTinu  oxalate  iapvodpitalal,  and  CO,  ia  emlwd.  Wnu  w  t 
acliun- 

B6.  A  aulutlon  of  fcrmiu  carbonate  in  (00,^  Aq)  de]«Mtta,  mhm  Tf^ 
to  tbe  air,  a  byilrate  having  tbe  Mmpoiilion  of  Ltraotiite.  Wh»  lb*  ^ 
tiun.   Under  what  drcunulanceainigbtyov  expect  ttwtaadatica*' 
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ate  wonU  b«  fanned  in  nature,  ranembcring  tint  tbe  toll  mibiiu 

nore  ur  Ihm  feme  li,vilmt<:  ?     L'tidcr  whut  circum»taiifc»  would  Siiletitv  b« 

.  trow  *ucb  ciiuljrbeatc  watcn  (J  l>t9)  ?    (Ian  yoii  Turin  any  theory 

noniuutii  for  the  furiEmtion  uC  Ixda  ut'  Siderilc  (ciny  in>n-«toni-}  in 

tu'd  with  ihe  cinlI  meaMurae? 

67.  Make  a  Ul>l«  of  the  poiilbk  Eunc  hydrato^  titd  point  out  the  rola- 
I  of  the  nallTe  h;d»tce  in  j-our  Hulwnie. 

SB.  Bjr  mean*  of  tln^  tabic  mode  ox  jii»l  directwl,  thow  In  what  T«latiou 
^;  dtffmnt  native  •ulplutcti,  |itioapIint«i,  end  WHnwtM  stand  to  the 


6Sl  Mold!  a  tabic  illuxtnitiiig  bow  inony  nitmtci,  irulptuttdi,  or  [ib[<f)>l)i>t«8 
Wkj  b«  fonnal  currspondiu);  to  a.uy  wk  i>f  t^v  [lOBililc  Iiyilniioa. 

7<X  Represent  by  jtrnphic  lymbob  tbe  constitution  of  the  hiwic  mlphat* 

1 71'  WboR  to  the  lolittiaii  of  n  fcirie  nit  4r  alkali  b  added  until  it  t«gin» 
oeonton  n  pvciuoiKtit  proapitutv,  uud  tlio  aolution  it  tlii^n  mUoil  to  the 
Dg  point,  tLe  wliolc  or  tli«  ttwtler  part  of  llie  iron  it  pndpilatod  oa  on 
oinble  banc  tail-    How  do  you  ripWn  the  reactiou  ? 

,  It.  Suiting  with  A  molecule  of  n  feme  wilt,  «how  what  prodocta  would 
1  hy  thn  nuimiLition  of  ruccmiivc  molecule*  of  ferric  hydrate.     Again, 
with  one  or  tnore  ol  tho  complex  niolef.oloi  thuii  obtained,  and 
noting  all  thv  puniblc  moleculca  of  water,  diow  what  mu«t  be  the 
ititntion  uf  the  basic  aaltH  which  woald  Uicn  b«  foimed. 

73.  Hhw  you  ohtcrved  thnt  tlic  nilubility  of  «ilt«  in  wBter  ha*  any  con- 
ion  wiiii  ill*  numlior  of  atonu  of  typical  hydrogea  they  contain  V  Cite 
npl«*  in  tavoT  of  thi*  thcMj. 

74.  ('ill'  cliffcrejit  atsa  in  which  iirat4!r  is  ctiminated  ham  a  molecule  on 
Jiuft  the  litioid  in  which  ihu  cumipound  it  tUmilnd  ea  iwqWBaled. 

78.  When  anhydroiH  fptrou*  »ulphatc  i»  bcalcd  1o  rodnna,  n»  in  the  pro- 
I  of  making  Krinllinnacn  nulphiiric  oj'id  ($  l*^).  it  ii  itmiIvihI  into  fcnic 
ie  and  intu  snlphuron*  and  milphuric  anhydridis.    Write  tbe  reaction. 

7fi.  Thr  Noitlliatwcn  acid  i«  now  more  (Wqncntly  mode  hy  distilling  an- 
nni/rrric  raljdvatr.  Write  tbe  reaction,  am)  *how  how  the  etilphote  may 
I  Tcgcntrattil.  Olid  ibe  Mm«  oxiilo  a«ed  orer  and  over  n^in. 

77.  How  oould  the  rrnctioni  [231]  and  [S2T]  be  u«ed  to  detennine  the 
JT«  amonnta  of  the  t«ro  iron  ndkol*  in  a  given  tniBcml,  i—nming  lint 
I  MnU  be  htonght  into  solution  vilhoot  changing  lite  otoBiic  condition  of 
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79.  Boric  caibatuW  prvripiUlM  all  tlw  (ran  tmm  ferric,  bm  act  of ' 
ibe  metal  fiora  fprToa*  MilutkniA.      Uotcorer,  fenroUB  hjmitale  pwnjaMi 
ftcrie  bjxlace  troat  Uw  mluiiana  vt  tone  mIu.     WiIm  Umm  wrtli^w 
iImcom  Uw  dUbnnt  nlMioaw  of  tb*  two  iron  ndicaU  to  wUcli  Uwr  pitM. 

7t>.  Br  what  cbaKtrterixtk  reactkina  tumy  tbe  sbiMiue  rrmdiiiwi  tt  ta 
wben  in  Mlntiiie,  be  earilj  <tMmii{n«il  ? 

aa  Can  eoe  eoDditjon  of  mm  bt  aaid  (o  ba  nan  auble  ahatJMftjy  ihn  fr 

OtbcT? 

81.  Wbat  two  wboll}"  distinct  relMionibipa  dooa  una  nunJtiMT 
ibe  Unea  of  oonnedioa  in  <ach  caae.    Puiut  out  kIhi  tbe  ■fwcik 
b^  whlcb  Iron  b  t«lat«d  14  mek  nenbtf  of  tbe  two  gnmi*  at  witifi 

as.  Bj  wbatcbuMtcrMinmchia^nuifcad? 

83.  Compare  tbe  rMctton  of  (£rCV+jt{J  fin  A'^O„C<^0;.Jirai(J^.fV!b 
and  riiotr  tbat  tba  diSecenow  deiwiul  on  the  relative  itabUitj  uf  tba  HUM 
ItBt  ndkalib 

B4  In  vbat  way  msf  nagMalinii,  dbc,  alekel,  txAah,  ■»]  i— i^nwi  b 
wparaied  fium  altwiiaiuB,  cbromiuso,  aud  Iraa  t 

M.  1*  there  any  ravm  for  beUevtag  ibat  in  ctystallued  ferrU  tbWb 
tbe  watvT  funiii  a  jnit  uf  tbu  all  nolecnla  ?  Wfit«  tba  nactfas  aW 
lak«  place  wb«n  tbe  aall  ia  b««t«d. 

8S.  Doe*  the  Sp.  Or.  ofaDbrdioai  fnrio  cUorida  thnrv  anj  Offit  m  * 
eonatitatioo  of  tbe  fatric  aalta  1 

ST.  Writa  tfac  Tcaetiona  cf  31^  and  of  (UI-i^  on  Ignited  iselalfif  te 
Vrkj  should  a  fotroiM  eooipiKind  be  foRDad  in  tbe  fint  law,  wbaaliB 
Mmpound  ii  formod  hi  tbe  eecotid  7 

6».  WbcQ  ifaOi  b  melled  into  gkaa  eeloml  unen  by  fenMH  taU^ti 
eolof  ia  eitbet  wbollr  removed,  or,  when  crjgiualtr  rety  4mf,  la  ibiapJ" 
ydlow.  How  ia  yoa  explain  tbla  readiaA,  aail  alao  the  otbcc  Iknrfliar  Uc*- 
pipe  reactkm  of  (eerie  oxide  with  a  bofu  l«ad. 

89.  FarTi«  o»<t«,  obtained  bj  diying  tbe  krdiMe  at  a  tMip«atn* 
«ie«ediilg  330°,  di«olve«  ca«i1y  in  add«  :  bat  if  hmtnd  to  a  low  nd  b>. 
H  middeDly  glnwn,  bccooNa  dcnacr,  and,  a^cr  tbia,  diaanlm  in  tab  «ik 
alinml^.  Ate  yoa  aei]tiaint«d  with  riBQai  ladta  in  n^card  to  tar  d* 
tnaUUie  oxidra  ?  It  h  oWrred  tbid  the  ignited  oxide  duMdw  wa^M 
difficnhjr  in  (HCI  +  Ay)  when  tbe  action  u  aiJvd  hy  fenuna  Udoriik,  mt 
rtaanow  cbloridc,  or  acme  otbet  reducing  ^eoL  Mow  do  jva  tqi«alt> 
iMCtiaDf 
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Sa  Write  the  tMCtion  trheii  F*S,  i»  burnl  in  a  currenl  of  ait,  aMumtng 
:  ihe  product*  ni«  fV,Q,  and  SO^,  atKl  calculate  Ww  much  suliihuric  iwiit, 
.  Or.  LWl,  cui  be  Dwlo  Troin  l.UOU  kiln,  of  Pjritri. 

91.  In  one  procMn  of  jmrifying  cnal  gat,  the  i/j.^  in  nimirlinl  by  HKiixt 
\  oxide,  n»d  the  Kutpltide  Ibua  formed  U  nuLoe^uuntlf  vx{HMcd  to  tho 
,  yrhva  th«  oxide  is  "  rtgem-ratcd."    Etploia  ihn  reuliou. 

n.  Fvritee  appears  to  be  formed  io  iiatun  hy  the'dcoiidiitien  of  oaldo 
■Iphate  by  meaD*  of  organic  matter  in  prewnce  of  duly bcate  mUr*,  and 
jrMalu  hnv?  brcn  fnrmr'd  ariificiiUly  on  twi^  in  aolutioDa  of  ferroaa  «ul> 
■tc    Explain  the  iTJiction. 

83.  When  SO,  i«  pawed  tlirough  an  alkaline  «oluticin  of  potaniU  ferrate, 
I  oxide  i»  iirofipilated.  tt'hile  poiamic  milplnile  b  formed  in  tilt  nolutiou. 
Ite  the  ivaciioii,  aud  iiliow  thai  il  nay  be  uwd  to  determliie  lli«  conrtitu- 
nD  ol  ibe  CerraUa. 

W.  P<»nt  out  tlie  fi^rroua  nnd  ferric  componnd/>  among  Ijie  sTmlmU  bx 
I  iM,  nnil  drtnriainf  in  encli  cow  the  r.itio  nhicti  thr  (|uniitiral<«co  of  Um 
eid  rsdirjil  bean  lo  tbut  of  the  bwic  mdicjilK,  both  R'  nnd  [Ifjt-* 

86.  Tlie  dog  o(  a  bliui^fumaee  Is  emenlially  a  double  Hillcule  at  alumlnom 
ItalduiD,  in  wltith  thv  total  quantiralcnce  of  tlie  two  bauc  ndicals,  Cic 
I  [if^  la  in  tbo  ratio  of  one  to  tvo.  In  the  less  fanble  slf^  the  total 
btivalence  of  nil  the  biwic  niiliaJ>  i*  cqnal  to  thnt  of  thr  tilicon,  vhile 
\  the  moat  fnriblc  lU^  it  U  only  one  half  of  that  nmoiinL  Wiitn  the  lym- 
ak  of  thoic  ■ilii-jilcii,  auoming  {w  ia  tMuatly  the  <Bat)  that  the  odduio  ii 
illy  nploccd  by  magnetium  and  iroiL* 

irfoiuidtood!fl1ndt.tbewqiu<tfoiuinayber«MeTed  until  IK*[aioii  XXIX., 
iWoon,  Itfts  brdi  (tudiod. 
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Dmsios  XV. 

271  CHROHTtrM.  Cr  s>  52.3.  —  SoinotimM,  alUuK^  m^, 
bJTalant.  UxauUy  either  qtudrinlont  or  aaxtivalent.  Maof  ti  lb 
compounda  of  tbi*  clcnwtnt  have  a  bnUiant  colnr,  mad  m  mtiu 
paiiita,  aiui  tho  aatoio  ia  dcrirod  frou  ;QMfia  (color).  Tba  eol;  » 
poTtant  native  oampouads  M» 

Cfaromite  (Chroioe  Itoo),       Isometrio,  /V,[<7rJ^0, 

CraeoUe,  MonooUiuo,  PtrO^CrO^ 

The  fint  i>  Uh  ore  from  wluch  aU  the  chioiBo  pigmenU  tuwil  b  Ik 
atta  are  indirecily  pre|>ared.  ll  haa  an  irou-bUck  color,  and  bat  bM 
fbtiDcl  in  abaiuUncu  at  a  (uir  tucolittw,  aaaociated  with  Mtparibk 
Tbo  aeeood,  although  a  \fTy  nro  ratnLTal,  is  well  knuwti  va  acxua 
of  its  brilliant  red  color,  and  in  it  tho  oloment  cliruioium  wia  fial  fr 
otrorvd  (by  Vauquellu  in  1797). 

274.  Het«lUo  Chiooiiua  maf  be  prepared  hj  mdacing  Crfi^  «ak 
cariwn  at  a  reij  hi^^  tamjivnlure,  uikI  atill  mora  readily  by  rodt 
Cr^Ctf  Willi  lino,  nugDoaiaiD,  or  tho  alkoliiMi  tnalalaL     On  aconni- 
ita  very  gtMt  inrittilHlity,  it  has  never  been  obtained  in  eonijaca  omr* 
and  iu  quolitiea  are  titarelora  uuper&otly  known.     The  wtutaib-.-  - 
porous  moaa,  formed  whea  the  oxide  ia  leducvd  b;  cmbon.  baa  i 
Gr.  of  5.9.     It  ia,  like  oaat-iron,  a  eonbinatioa    o(  tbe  nwtal  * 
carbon,  and  condsta  of  giaiiia,  which  are  aa  hard  aa  Comndum.    Ik 
co-stnllinn  pomUir.  obtained  by  roducinu  the  chloride  with  rinc.  Im  • 
Sp.  Gr.  of  6.81,  and  is  nndoubledly  a  puna  oondilion  of  the  iw*l 
When  in  line  pow.ler,  chromium  Ukaa  fire  bulow  todncn ;  but  is  k 
mora  compact  fonns  it  reaiata  oxidiziag  agmta  m  wett  m  oln^nK 
and  act*  lownnin  llio  liiffh-rent  mineral  adds  in  a  rimilar  w»t. 

275.  Chromoua  Compotmda.  —  This  ofaua  inclodM  all  thow  ««- 
pounds  of  cbmmiutu  in  which  the  element  la  bivaloit ;  bol,  ■■■* 
atoma  in  this  mnditinn  have  Mill  four  etrong  affinitin  nnmriiW.  ^ 
compounds  of  thia  onlnr  are  all  vi-ry  onatAhlo^  The  noat  iiuiwiliiJ* 
CrCIt,  which  is  oloUimid  by  boating  Crfit^  to  ratttieMa  io  a 
dry  hyiUugen.  Tho  white  powder  thua  brtnad  give*  a  Una 
with  vrater,  which,  however,  ra[H<liy  abeorfaa  oxygen,  and  bctnow  ^« 
when  expoeed  to  the  air.    Chiomotu  hydmte,  which  bSia  m  a  M 
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own  pi«cipit4t»  on  Bddum  caiutio  potuh  to  tho  blue  solution,  even 

apoaee  waMi  with  evolution  of  fay drogen.    The  most  stable  of  the 

uus  ulls  is  A',.CV«Oj(£C,},.Cir,0,  which  fbnus  beautiful  bios 

tvnmoqihouH  witli  iho  ci>rnwpuudt]i(;  tunoaa  talt. 

270.    Chrotolo  Compotmde.  —  in  Itiuvu  cuiDpuundii  tbe  elcmnnt  im 

iralont,  hut  they  all  L-ontain  Iho  MxtivmUot  nuticol  [Cr^    Tb* 

anuneircial  chromic  oxitle  ia  a  briUiant  grata  powder,  which  b  rary 

■uch  mtd  in  the  arta,  not  ouly  aa  a  oommtm  paint  (ohroms  graen), 

.  al«t  lui  B  vitri&tbli!  pi^uiHUt,  iaai'.e  it  impaitaa  bmiLiful  gtecn  oolor 

I  glaM  and  U>  Uiv  gloxin^'  »f  pon^ain  wnm.     It  itmy  bo  prDpnn$d  from 

I  cbro[u!ttr«  in  a  grmt  vui«ty  of  mya,  u  is  illnstiatod  hj  tbe  fol- 

reactions ;  — 

*  [Hg,}0/CrO,  =  2  [CfJO,  +  8  3I«  +  5  aXD.  [233] 

(NH.),'O^Cr,0,  =  [Cr,p,  +  4  31,5©  +  fflr-SJ.  [234] 

K^-Oi-CrA  +  tgi^  =  [CrJlO,  +  2  KCl  +  2  «H©.    [2S6] 

fint  two  rr<aotion3  mv  obtained  bjr  umply  igniting  the  solid  ohto- 

I ;  the  third,  by  piutsing  tbe  vapor  of  chloro-chromio  oxide  through 

.  ted-hot  porcelain  tube ;  and  the  last,  by  paasing  cMonne  ^  over 

ited  potaasic  dichiomatA     By  tba  third  mctiim  the  oxide  nwy 

obtaiuud  in  dermite  rbombobcdial  cryatula  (Sp.  Or.  9.21),  which 

kve  the  form  oixl  harOnttut  uf  spciciilur  iron,  and  ev«n  tho  amotphous 

erciaJ  oxide  ia  so  bud  that,  when  liunly  lovigntcid,  it  may  be  naed 

rouge  for  polishing  ^MS.     Id  thia  bard  condition  the  oxide  is 

insolnblo  in  acids.    Tharo  is,  however,  a  leas  dense  oonitittoa 

the  oxid«  (obtained  by  oautioualy  heating  tbe  hydntle),  which  dia- 

Ives  frcnly  in  all  thu  minent  acids.     It  has  a  darker  color,  and.  like 

lie  oxidn,  ehoagoi  auiMonly  with  iucandeseanoe  into  the  insoluble 

liflcatioD,  if  heated  abov«  a  definite  point.     At  the  highest  temper- 

I  chromic  oxide  doea  not  lose  oxygen,  and  cannot  be  t«dueed  by 

ag«D.    It  may  be  melted  by  the  heat  of  a  forgo  Are,  and  the  moll«u 

ie  iiitaa,  on  eoeling,  a  veiy  hard  dark  gimn  crystalline  solid. 

}  Tbitn  are  a  number  of  AromU  hfdraitM  conespanding  to  tho  forric 

but  the  diffcRtnt  eompounds  <snnot  be  isolated  as  mdily. 

tbiitr  symbols  haro  not  bwm  m  aecuntely  determined.    When 

lie  or  potassic  hydtnt«  i«  added  to  the  (otution  of  a  chromic  salt,  the 

nic  hydmt«  first  prccipibsted  ia  diswlvod  by  an  excess  of  tlie  i*- 

snt,  but  the  precipitate  n^ipears  on  boiling  the  litjuid.    These  pre- 

IB 
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.  «f  lbs  slkall,  wjueb  biocUSm  t&a  ifOimi 
nrndera  the  invwtlffltiiin «(  tt» 
n*  ooljr  way  to  procon  «  pun  bj'iai** 
bou  boHiag  aotatioaa.  Il»  ii^V» 
i&uii  ODS  to  WTBD  molacDbBttfinK 
■vnds  vhidi  ii  in  dried. 
I  Blbelt  >a  a  fulc  nt  l«aut,  two  laodifialNB 
ferti  Ai^  )w«v  4  riiitteak*,  «h1  cijstollue  mora  or  k«  imBu 
1  Ite  «lh«  tta^  bBn  B  8»w  color,  aad  mn  aaarMallialk 
a  nfafifaow  diromic  anlphate,  wbicli  ■•  b1 
;  bydnitu  salts : — 


HwtMl 


I17  Imtiag  tlMt  cT7»tak  of  lbs  fint  In  IV 
off  oaoot  bn  wboUj  wat«r  of  Rrjr>UllmM; 
•  aatatMO  of  tbe  violet  compoand,  tte  ^ 
iij^illiwi  AmmIw  Uk«s  pUi:«.  Tbmt  ■  a 
llMaliaa  tit  Ibe  raalecular  stnMtun  of  ibi  ^ 
tfaui  thta  ««  b«re  u  jet  Bo  knnvrlcul^ 
«f  tb»  ihwiio  mha  is  (AfMw  o/mm,  vbich  hmIi 
biebnMuU  bj  tba  r—rtioii. 


Thtf  ntt.  fike  tba  odMr  alonu.  a7StaUi«»  with  S4  ff^O  ia 
dna*  bunng  &  duk  poiple  (netrij'  hloelc)  «Qlnr,  bat  wliiiJi,  «i* 
nSdeotl;  Ibtn,  Innsmit  a  beaatihl  rabj-ml  tint.  Cue  mat  1* 
taken  in  redndi^  tbc  rhioBMe  tlut  th«  tvini>«i«titro  of  tbt  b«M* 
(low  not  riae  too  lugb,  for  above  70*  or  80*  tbe  cbatif^  aba**  dMaW 
takM  plae»,  and  tbe  aalt  low*  iu  power  of  cryattSOaag.  Br  k>#fiv 
howrrcr,  tha  green  «oliiti<in  thia  formed  for  several  wwk«,  i- 
ncorrn  H»  vit>M  c^^Ior.  wid  tb«i  will  jield  the  normal  crytU— 

377.  Tba  Chromic  Oxmlatca  form  two  intiTcetiiig  Beriea  of  M* 
Mlta.  Tbon  of  tbe  fint  das*  hav«  a  dari  bloB,  nad  Hum  rf  (A* 
aeeond  chss  a  rabj-red  eokir    Tbtu  wc  bars 

Blue  S«]^  A..[O>i0,^(<7,0^  .  6  jy.O 

-£«i  Salt,  A;.[cvj*c>,*{e,o^,.  8jy,o  « isi^ 
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^K&minonit  gtrtM  no  |>n>cipitaf«  in  solutions  of  these  mits,  nHther  dora 
^KkDtaasic  hydmt«,  nntil  they  ate  boiled.     Corraeponding  conipounde  aro 
^■QOtm  contaiuing  (-AT//',),,  Ifa^  Ba,  Sr,  C<z.  or  M-f,  in  place  of  K„ 
1)lit  with  \-Lin,iii;,'  [iiianliliti-i  of  wnttrr  of  crj-stfllliuition. 

27S.    Chiomlo   Rltntc  mny  bo  «btnin»l  in  dnHc  puipio  ciyfUllii 

iTiDg  tbo  oomposttiou  [Cr^O^SO^t .  18  H^O,  by  diwolving  chnv 

hydrate  in  nitric  acid  ;  but  the  solution  becomes  gnon  >nd  unu7»- 

iWo  if  heated  boTond  a  limit«d  dpgree, 

179.  OliTomic  CUortde,  [CrJIC/,,  is  proparcd  by  passing  chlorine 

tiiraogh  an  iiitimatv  mixture  of  clinmiiu  oxvia  with  carbon,  liealod  to 

mce  redncH  in  a  cnicihic,  wImid  thii  chlioidn  Hublimcn  urui  may  bo 

<i>clcnac<l  in  a  cdcond  crucible  covering  the  mouth  of  Uin  fintt.     It 

DAcrrous  ecfilcs  which  have  a  beautiful  peach-blos»om  color,  And 

Ut  the  action  of  the  atronKsst  acida.     They  are  insoluble  in  cold 

ir,  and  even  in  boUini;  waUr  only  diiuolv«,  if  at  all,  voiy  slovly ; 

1  sinf^tuly,  on  tbv  funnation  of  t)i«  sniallwt  tjuantity  of  chrouioiu 

iiniiiln,  {a»  vrlien  touched  vith  zinc,)  they  diiwilve  immcdiaitvly,  geo- 

ting  much  bmt,  and  foaniag  a  grttn  solution  idontical  with  that 

ibtained  by  dissolving  chtDmic  hydrate  in  hydrochloric  acid.     A  aolu- 

of  the  cOROsponding  vivUi  chloride  may  be  formed  by  adding  barie 

loride  to  a  solution  of  tlte  violet  sulphate ;  and  it  ia  worthy  of  do- 

',  tliat,  while  from  this  last  solution  ai^ntic  nitnitv  prfcipitati:!  the 

ole  of  the  chlorint^  it  precipitates  from  a  solution  of  the  green  conh- 

only  one  third  of  it«  chlorine,  nnlees  the  liquid  is  boiled   Green 

having  the  composition  [(^''tl^^- 13  Hfi  have  been  ileacribcd, 

compounds  of  chromic  chloride  vith  the  allcalinv  chlorides  are  also 

iWU. 

Boiilcs  occiirring  in  tbo  renurkohlo  modifications  dcKrihed  abovN 
of  the  chromic  salts  manifest  a  strong  tendency  to  form  basic 
poonda,  but  tbo  principle  which  tbcy  illustrate  has  been  already 
iiMDtly  discussed  (|  368 Jl 

CUoibydiiuea.  —  Wliun  hydmlod  chromic  rhloriih?  i*  <Irii-'d, 
gives  off,  as  tiie  iL-m]K'nitun:  incnsses,  both  water  and  hydrtichli>ric 
»ci<l,  antl  compounds  an>  formed  which  occupy  an  intormediate  potitioQ 
betvom  chroiaic  chloride  and  chronk  hydrate,  and  may  be  ngarded  as 
derived  from  tlM  former  by  replaciiig  one  or  mon  atone  of  dtloriue 
irilh  hydroxyL     Thus  wu  have 

Chromic  Chloride,  [Cr^Cl, 

Chnrnio  FentfrcfaloihydriDe,  [Cr^Cl^  Ho .  4  ff^O 
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Chiontic  Tetts-cUotbydrinev 
CluomiG  Diclilorliyilriiw, 
Chiomic  H/<Inite, 


lOlUui   i 


Tbo  nomo  ehiorhydrints  U  now  gcneniUj  ap[>Ued  to  bodlM  of  Uui 
cUsBt  uul  it  can  vualiy  bo  kod  thut  thuy  may  bo  formed  botn 
•nd  the  ftnhydroue  chtoridce  bj  a  iiinipli!  laoUitliuiU.     Tbo  contf 
whodc  symbola  aro  given  iu  §  435  toay  bo  n^nltxl  na  having  a 
constitulion,  and  the  some  la  true  of  tnauy  othf  r  oxychlorides, 
orido,  &C. 

261.  CIirO(Mit««  or  Componud*  Id  wUob  duomiam  U  8«xtlr»- 
last.  —  Ttioau  lUe  tliu  lutial  <:liiLru>.'ti-rutic  a.U'X  iropoTtant  uf  tb>i  ciifr- 
l>ouiuU  of  this  ^lemotit,  and  t]i<i  beat  known  of  all  \»  poUumc  dickrem^ 
wliicb  U  mantiiactuTrd  on  »  largo  Mtdo  \a  tbti  nxi»,  and  «xt«ii«nl/ 
naed  botk  in  dyeing  and  in  tho  pRipatntion  of  vnriua*  dironw  pignub. 
It  is  made  f^m  native  chrome  iron,  which  is  ivdtiol  to  Rne  i>oinln 
and  roasted  on  the  beaith  of  a  n-'veiberalory  ftirnaoci  with  a  imxtui«i>f 
cludk  uid  potiu«ic  carbonate.  Tlie  lutxture  is  constantly  stimJ  to 
luutiTR  tbo  oxi<Ut)on,  and  tbo  chalk  tuilitales  the  oliange  by  ntaising 
thu  xasm  in  a  porouD  condition.  From  the  product,  wnUtr  dimlm 
yellow  pottwaic  clirumulv,  wltich  E*  ootily  conrerted  Into  the  roi^- 
c)in>injit«i  by  llio  addition  of  nitric  acid,  and  tho  suit  is  thien  a^uinlal 
and  punfiod  by  rcpimtod  crystalliattiona.  There  are  three  pouoii: 
cbtomates,  all  of  which  yidd  anhydrous  cr^'stala  ««^y  aolable  is 
wat«r. 

Potaasic  Chromate  (Yellow^  K^OfCrO, 

Potaasic  Dichroroate  (Otsinge  R«l^     ■     KfOfCrfi^ 
Potaxtio  Triubromate  (Dark  Kud),  Kf-O^'Or^O, 

Tlie  noniiul  niU  i»  iinrndrphoii*  with  pntawio  mdphntn.  It 
"ben  bcatrd,  and  ix  not  docompowd  by  mmphi  ipiilinn  ;  Iwt 
heated  with  redadng  agents  it  yields  chromic  oxide  mrxMl  with 
potusic  salt.  ^Vti^n  in  Mlolion  it  has  an  alkalliM  reaetlon,  aal  ■• 
oonTert«<d  into  the  diohromate  by  tho  wodcest  adds.  The  dlehnoato 
■bo  fusM  without  decomposltlim,  but  when  bmln]  to  a  hjgb  tmnfMn- 
Wre  it  i«  convi'Tttvl  into  tlm  imnnal  nit  and  chromic  oxidei.  In  nito- 
tion  it  bo*  an  luid  reai-tion,  and  od  th«  addition  of  potusie  kydnte 
changM  to  the  nnrnial  Ball.  Both  salts  pomeas  gieat  GOlorin^  pown. 
The  trirhromate  has  merely  a  theoretical  interest. 

In  anotbtr  process  uf  mauuiiictuniu:  the  eoUBUnial  fhnmwilTT  ths 
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chrome  on  i*  nfupty  mwrtod  with  Um*.  Then  is  tliiu  fonoed  th« 
uomul  caleie  ekromaf,  which,  although  itself  ooilf  iiljghtl]r  lolubk) 
in  mm,  is  eonveswd  bj  digestioa  with  dilute  Hutphuhd  acid  into  a 
dieAramate,  which  it  rar;  soluble,  and  firvm  tliU  nolutUm  tbo  other 
efaromato  umj  be  eataly  obtoindxl  by  Kliii))le  mntuthntical  Kadions. 
thm  Anaatea  both  of  flakuum  nud  ationtium  diaaolvv  nadily  iu  dilut« 
Boatie  add,  wliilu  baric  chromato  la  inaolubla  in  tlaa  nag«nt ;  awl  oii 
Uiia  &ct  ■>  haaod  an  important  method  of  qualitotivs  aoalji^ 

Them  ara  two  plumbic  chtonuaw,  which  am  not  only  important 
pigmratii  and  dyai,  bnt  ara  alao  intcnaliiig  thearatiaally.  Thoir  sjrm- 
bola  ar«  uaually  written  thus :  — 

Plumbic  Chromate  (Chrome  Yellow),        /*0,-O0, 
Dipl«mbie     "  (Chrome  Omngo),         {PtrO-PbyO^'OrOi 

Tho  first  bill  na  a  brilliant  y«llow  predpitale  whan  a  aolnble  chromate 
is  addwl  to  a  aolntioD  of  pluiubiu  acetate,  and  corrMponds  to  tfaa  min- 
enl  CrocoitA  It  mclt«  at  a  moderate  boat,  formiDg  on  cooling  a  red 
cryotaUine  solid ;  but  when  strongly  ignited  it  is  decomposed,  and  a 
mixture  o(  tbo  aeoond  compound  with  diromio  oxide  ia  tha  resnlt. 
The  diplumbtc  chromate  has  a  deep  orange  or  red  tolor,  aL-tunliug  to 
the  mode  of  pre'pamtion.  The  finest  vermilion-red  la  mailu  by  ftwinR 
(be  yellow  chruimit«  with  nitre,  and  wiwlitng  out  thr  potaxsium  wit 
with  water,  while  an  ornngo  color  la  obtaini'd  in  dyeing  by  pawing  the 
cloth  through  boiling  limo-wator,  after  chromo  yellow  has  been  fixed 
in  ita  fibrM  by  etx^cping  !t  cuccessivflly  in  solutions  of  plumbic  acetate 
and  potaanc  bichromate. 

Several  other  metallic  chromntcs,  which  are  easily  prepared  by  pre- 
cipitation, are  uiwl  in  paiiiliiiR ;  but  the  colorinR  pftwer  of  tlie  chrome 
pigmeote  ia  ai>  piMt  tlinl  tln-y  are  ftequently  aduHiialL-d  with  clialk  or 
•one  nmilaT  whit«<  matrinl,  and  the  tint  is  rarind  by  mixing  them 
with  other  points.  One  variety  of  chrome  green  is  a  mixture  of  chrome 
jdlldw  with  Praanan  blue. 

The  ohnimalee  are  oxidiang  agenia,  and  ftiaod  plumbic  chromate  is 
•ometinuM  mwd  for  this  purpose  in  organic  annlyris.  WUm  boated 
with  (jtmng  dulphuric  atid  tliey  evolve  oxygen  gas  [1 16] ;  with  hydro- 
chlonc  acid  tbi-y  croire  chlorine,  and  in  both  cases  chromic  salts  ore 
formed. 

FWnn  the  chmmates  we  can  easily  prepare  cAromic  emiydritlr,  CVO,, 
and  the  cotaparativo  stability  of  this  compound  tUustritee  moat  mark- 
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ediy  Uw  cfaief  ehsncterktio  of  tlie  etemeAt  cliromJum.  Tbo  uliyU* 
ia  mast  n«ilil]r  obtained  bjr  pooling  ODe  measuro  of  a  aittmUd  (ohMia 
of  potaauc  dichromate  into  one  and  s  half  ino«BatiM  of  coBoniMttrf 
HuJpbuiie  acid.  As  tbe  liquid  coob,  chromie  anhydnde  ftryHaUaB 
Audi  U  tn  ajdundid  crimixiu  Decdleti.  Tlua  beautiful  potitiKMiKl  i»  pa- 
mkocnt  in  tho  lUr,  and  nudu  at  190°  wilfacrat  aadcrgoiag  diiOBipii 
tioB ;  but  at  a  higher  temjMnitnro  it  give*  off  oxjgoo  gH,  flwiigin 
hrrt  into  an  inUnoediatfi  brown  osido,  6V,0a,  and  afWvaidi  ine 
Cr^O,.  It  deliqVMcea  id  uoiit  air,  &Dd  diwoIv«a  iu  ira(«r  in  ail  p» 
porUona.  Tliia  aoluUos  may  be  log-Atded  as  ehtomifi  add,  bat  lh( 
solution  on  evaponitian  jieldt  njiliili  of  ibe  aDliydhdn,  and  m  luM 
no  «vid«noe  that  a  do6nit«  conapouDd  in  foitned.  It  is  a  vttj  |n«» 
ful  oxidizing  a^nt,  and  abeoluta  alcohol  inAiunea  wlwn  bton^  ii 
contact  with  tho  cryalall. 

CUorocbromlo  Oxld«,  OI0,,CV,,  b  «(MDpoaad  of  Uie  now  tjivii 
the  laot,  is  diatilk-d  whan  u  mtxtuni  of  poiascic  didutintoliT,  oorama 
wlIi,  and  nulphuriu  udd  is  bcat«d  in  a  gloM  retort.  It  ia  a  Uood^ 
Tolalllo  liquid,  boiling  at  116°,  and  yidding  a  vnpor  vrhose  S|k  0I> 
(6.5S)  can  be  easily  determined.  It  ia  at  once  decomposed  by  nM 
into  bydrucLIoric  acid  and  ubroniic  anhydridfl,  and,  like  tho  but,  la* 
powerful  uxidijiu(j  agent ;  but  it  is  chiefly  iuteiesting  from  tU  lhi» 
retiuul  beariiiip.  The  exiatvncia  also  of  CVCi^  and  CrCt^  \m»  baa  i» 
fcmd  finm  curtain  rauilioiu,  but  thoy  lu^'O  u«ver  bwiD  iimlatflili 

When  potamic  dichtomat«  is  disiolvnil  in  nodeirately  strong  hy^ 
chloric  acid  at  a  gentle  beat,  then  Mpamtn,  on  couUng,  bauAifil 
oniiih''r-OL>lored  needles  of  a  aalt  irhoee  eomposition  suy  he  Rp» 
muUhI  by  the  symbol  Ci\0t,Cl,KO.  or  K-OiCr*0,,0\  and  sfr 
Oth«t  coinjinuiul  ha4  bi-mi  olriainixl  wliose  syuibol  has  bam  wniM 
CfiO,. (3.11', .  L>  fftCi    ThwT  tlioorrtioU  telatioos  arc  obriMU. 

Another  interesting  compound  belonging  (o  the  type  of  ebmade 
autiydridi!  ia  tbe  fluoride  CV/'^.  It  distib  vbeo  a  mixttm  of 
Kpitr,  ]>liiinbiu  chwuiate,  and  sulphuric  acid  is  hoatod  in  a  li 
nitort,  itDi)  may  be  coodensed  (in  n  i^rivctly  dry  toaden  ivwinr  b|< 
at  a  vcty  low  t«iDpcraltiTo}  to  a  blood-red  liquid ;  hut  th«  maeutli  & 
comes  ID  contact  with  moist  air  it  is  decomposed  into  hydroAocne  mH 
and  cbromic  anhydride,  and  this  rraction  is  one  tneaoa  of  pRfwtaf 
thi^  anhydride  in  a  atate  of  purity. 

I.iutly,  thcro  appears  to  be  a  |)erchToouc  acid  convapondiaR  W  ti* 
permanganic  add.    The  comjiound  in  qnestioa  b  fanned  wfaw  to  * 
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lotion  contuning  pcnxido  of  hydrogen  uid  fi!«e  bydrochtorie  or 

Ipbutic  aoi<l  is  added  &  Bmall  quantity  of  aoino  cliroinatt^     On  kIulIc- 

U)i  tliu  tiiixtnre  vitb  s  few  di«i>s  uf  tthtt,  Uiih  Holvvnt  ncquim  ■ 

|m{i  bliw  color,  whioh  h  ftuppoHed  to  ho  duu  U>  pureliroiaic  acid,  tmd 

I  raaction  sttrvoa  as  a  mry  iii>li(vi(»  tiut  for  chromiam. 

383.  BvlpfaldM.  —  Th«  eulphidoe  of  ctimTDium   are  unimportant 

bUck  precipitate  fonned  wh«iii  aiumonic  aulpbido  ie  added  to  tbu 

olutiuu  of  a  cbromonB  sah  is  ptobabl;  0>S    A  aeeijiiitulpliidv,  Cr^S,, 

nay  aIm)  bu  obtalnud  as  a  Uadc  powder  bj  \taiatmg  H^  over  iguit«d 

7rfClf     Likn  aluminic  vulpbldu,  it  i»  ducoinpfl«od  hy  water,  ud  CMl- 

Dt,  therefore,  bo  fomuMl  in  an  oquooiw  solution. 


QFESTIONS  AND  PROBLEMS. 

L  In  wli&t  order  would  yoa  diurily  the  cloments  allied  to  cbromium, 
;  onlj-  tbo  RUbJlity  of  thf.  compoiindB  in  which  tbcf  act  a*  kiralcBt 
1 1     Make  a.  tabic  illuidinting  this  point. 

2.  In  what  oider  would  you  claHtLTy  the  >ani«  rictncntiv  Kganlinfr  alone 
■talnlitr  of  the  MTcnl  radicals  [i^]  1    Compare  the  qoaliliw  of  tbe 

I  oxidea  and  chloriika  of  these  radical*. 

3.  Wliitt  i«th«  chief  •tbcmicdcliamcterijitie  of  chromiam  1  and  bow  is  tUs 
Instrated  by  reaction*  [233  to  23Sj  I 

4.  Can  you  rumi  saiy  theory  ag  to  the  eanse  of  the  dlfttWM  beti^jten  tfas 
lii«  ami  yrveii  uiiHliEii^lions  of  the  chromic  salts  t    Compare  $  S68. 

Ou  BIhp  chromic  oxalate  is  mado  by  bnilingr  a  solation  of  10  parts  of  po. 
dirhronintr.  23  of  potaMUO  oxalate,  and  ii  of  nryttnllioHl  oxalic  ncid. 
)  Tsd  nilt  ii  tmidc  ill  the  same  way  with  IS  parts  of  the  didiromotc,  and 
I  of  oxalic  acid  only.    Write  tbe  rMCtioas. 

8.  What  iuference  would  yon  draw  from  the  pecvliar  reactions  of  chiotuic 

i) 

7.  Explain  tb»  two  methods  of  making  potasNO  diduoouUSi  and  iUosttalo 
I  pcoceeses  by  rvoctions. 

8.  Bepreeent  by  graphic  symbols  the  constitotion  of  tbo  three  potasde 


0.  The  plamhio  cbromatcs  may  all  be  rvpirsent«d  as  cnntnining  the  radi* 
I  (&/%))t  iucluiting  the  very  rar«  minenl  Phanicocbroite,  wbi«b  coataim 
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auXatC,mAnAX  PtO.  WHu  tbt  lymlwto  of  thw  tJu—  »hwMa 
Ikb  MiBqMiMt,  awl  <tnfh  tbni  i«plwWKty  ••  eofDitand  «rillv  tlnw  (ha 
■botVb  CcMfM*  dM  wctioM  (^  tb»  f^imbie  with  tbam  of  tlv  pM* 
«1Ei^  tad  wmHw  wbat  tearing  tbe  gvnoMl  banHnphinn  of  tib*  dn^ 
widt  lite  Ml[Aita  ba  OB  the  qaadoii  (|  906). 

ta  lU— ita  b;  naetiaiM  the  mttbod  of  dTring   eloth   with  tfaw 

It,  Writ*  tha  mctian  of  ttnmg  brdtDchlono  acid  oa  potank  Ma- 
■mUv  aMKBing  tbot  the  pttDciral  [nwlncla  an  ^ Tn*w«if  .-iiT^i^].  f^  Ai. 

IL  When  HfS  u  pawod  thnxiiih  ■  nliuion  of  pataane  dkhninali  i^ 
attontad  with  anliifeiiru  add,  «ulpbur  ii  predpitatod,  and  Um  eolor  chiv 
ham  nd  to  gnca.    Write  the  tvactkni. 

13.  A  Mlntion  of  poUaiie  (lichronal*  nipataatanted  with  rali^bmr  ail 
it  BUich  oaid  JMileail  of  uuie  add  tn  the  pcrata  cup  of  tbtOrottttiM 
BOBMB  Tollaic  mU  (i  97)^    What » ih«  thMnr  of  Its  action  f 

14.  Wbra  a  twlutUui  of  pciiaatie  dichromiite  ■opcnwtoTmltid  with  MdfhtB 
acid  i«  boOad  with  oialio  add,  all  the  chruuik  add  i»  tvdnoad  to  tbt  (» 
ditiou  of  a  chraniio  aah,  and  hi  eitiiii'al«at  ainuunt  of  CO^  it  wh  ttft.  TA 
tb»  nactioiii,  and  ihow  bow  it  taajr  be  naad  U>  delftmuao  the  qwatit*  4 
OrOf  in  the  dklin)autt«L 

15.  The  ehronunm  in  a  nltiblc  cbmaute  majr  aim  Iw  catlnalBd  ••  M^ 
oxid«.  Rf  what  rcaetioiM  may  ihi*  cxIiIl-  be  •cpantad  in  a  <y«diiKT  lak 
■ccunitalf  washed  T 

'    10.  How  tiutv  pota«aic  chnxoaU  be  lued  lo  wponte  Inrium  (romalata 
and  itrontinm  t 

17.  It  hoA  been  found  b^  eanfal  oxpnimmt  that  10  gtmaaatt  rf  dn^ 
nnbydriilu  yield  7.WHB  gnaaam  <^  diromic  osida,  We  know  alwlWS^ 
Gr.  of  chluruuhromle  anhydride,  and  that  ihi*  conipouiul  when  litoiiik  it 
tontael  with  water  unil^rgOM  the  Gbtn)|;«  dcMribod  atioviL  Dalan  lb 
atomic  weitjbt  of  cbrominm,  and  rtntc  the  nUrpa  in  joar  Tcaaonit^ 

IS.  Write  thn  TdJKtion  br  which  cbloTDcbroiBle  oxide  It  oltefawJ  b  tla 
teacUoti  ilcAcribrd  in  thn  text  It  may  abo  be  tnado  bjr  dirtilliic  it* 
oiaU  i«to»a  dry  nuitiuvuf  furia^JdorideandchroaiK  BocUa,  Viftiii 
reaction. 

la  What  to  tbo  tclalion  of  Iha  Mnpmuid  KOrO^CI  to 
on  the  oue  aide,  and  chl«n>chroauc  ocde  am  the  other  t 
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90.  Write  the  leactioD  by  which  OrF,  k  obtained  in  the  reaction  deusribed 
■bore.  It  maj  also  be  prepamd  by  disdlluig  a  mixture  of  potoasic  dichro> 
matc^  ammonic  fluoride,  and  iulphnric  acid.    Write  the  reaction. 

SL  Chromic  fluoride  is  decompoeed  by  glaaa,  and  for  tbia  reaaon  we  have 
not  been  able  to  analyze  it,  or  to  determine  the  density  of  ita  vapor  aatis- 
iketorily.  Ita  constitntion  is  inferred  from  the  product!  of  its  reaction  with 
vatei.    Is  the  conclusion  tnutvotthy  1 

SL  Write  the  leactioa  of  '"""""'"  nlphide  tm  a  aolntioii  of  chrome 
alum. 
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283.  ALUMINnH.  Al  =  27.  —  QwkdrJvalent,  bat  its  amfanb 
all  contain  th*  double  nlum  [Ai^]  =  bi,  whJcti  in  «  Moxtit-aJpst  ehM. 
A  vnf  widely  dittributwl  eleuMiiil,  aud,  ufbir  oxj-gvn  and  nlioaft  it 
EDMrt  abnndaot  cooslitncat  of  tbo  rocky  enut  of  tho  globe,  of  vhk^a 
luM  bwn  estimated  that  it  fonu  about  on«  twelfth.  It  ucountbi^ 
ill  comlitiuiliaii  with  oxygen  and  silinm,  ttnd  moat  of  tlic 
olitienils  nnd  rook*,  wluen  not  pate  silica,  contain  alurainmii  i 
Msoniiol  ingnKlioDt.  For  x  full  cnumemtion  of  tha  alotaiiiiw 
erais,  the  student  most  coiuult  wofks  on  minenlogy.  The  fdltv^ 
list  compris«s  only  such  of  tbo  man  ch«mct«ristic  native  tamfentk 
as  illuHtrate  the  chemical  relatioos  of  tho  clement. 

riuortdes- 
Ciyolito,  Orthothombic,        [JU^« .  6 1/aP 

ChioKte,  Trtragotwl,     *       U^^,  •  3  JiaF 

Fbohnolite,  Honoclioki,  l^Qf^,  •  3  [Ca^a^Ft .  iBfi 

Thomaenolite,  Monocllnic,  U^PV- ^[CariRiJ/',- ^44 

Oxides. 

Spinol  (Ruby),                           iK-mctrie,  MffJAlJ^ft, 

Oahnite^                                 Isometno  Zn. 

Hercyitit«,                                 IsometH^  Fr^Mfl^^'J, 
Cuniricluin,  SappMrr,  OriiMttsl  Ruby,  Oriaotal  Tojwti 

Orimtol  Amethyit,  &c,         Ilcxagoiu],  [Al^ 

Emery,                                          MJM«i<r«,  [/V^W 


Gibfasite, 
Iksuxito, 
DiaifioR^ 


Huogoiul, 
Ortbwboantnc^ 


BulphatM. 

Alanogeo,  Monodiiiic,  [At^OjHSO^\AiBfi 

Alnminite,  Mntmvo,  0^*lAQ-0^-iSO,]-*Mfl 

PanJimjinitc  Mnmro,  O.-C-^M,*  O,-<50J .  t>  Bfi 

Alimi^toiMi  (Alunito),  Rhoiaboh«dnJ,       K^,[A  I^^O^^SO,),.ll,. « 
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OoUh*dnI  Allan*. 
ainm  Altltn,  ■  laometrie,  A'„[^^]™i0.™(50j)^  .  IHB^O 

uuioiiituu  AIiuu,        Isonwlric,   {NH^^,{AQimO^'i'{SO^^.HH,0 

Pfbiotu  Alanu. 
FibtWM,  J/?.M<J«'0.™(A>^, .  22  /r,0 

VW/Ktu,  At-*/.]  "•  0.-  (50J, .  22  H,0 

Pboapbau*. 
Monodiiiic,        /^,J/^,[-1/J.0|„»P, 


lite, 
juois, 
rnTcUite, 

Judte, 

ail«, 

K 

fc  Auortbltev 
LabTsdorito, 


Orthorhombic,  > 
MoDocliiiic,  ) 
OnLorliombio, 

Feldapan. 
Tricliiiiu, 
TricUuio, 
Isomotric, 
Tridinic, 
TricUnio, 
Uouixlinio 

Cbya. 

Oiihorhombic, 

Orthorhombic, 


F,\AQiOfSi 


Natrolite, 

finoledUt, 

AnftlviiDO, 

CbabftdU, 

HannotoiiM^ 

Heubnditcv 

Btilbite, 


2eolftea. 
Orthorhomlno,    [^iti 
Orthorhombic^ 
Honoditii^ 
Iiotaelrie, 
Itexagona], 
Ortborbombio 
Monoolinie, 
OrthorboDibiG 


A'rt„[^/,].«0,^S,0, .  -211,0 
Ca,[  A  I,]  rtii  0,.ii.  S>/>t  .»f^0 

ytt,[Alt]rmO,™Si,0,  .  211,0 
(7<i,[^M«"0,-«i  &',0, .  0//,O 

5B,[^y«uw,n4.&,o,  .&H,o 
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To  tltU  list  may  be  sddM]  the  GanuUy  H»  SeapiJila,  tha  If.'  ■• 
Um  Mieaa,  Miid  the  CUohUt,  aU  luga  uxl  Imjiortuit  giaaft  ai  ^  - 
•nk,  vcldeh  tn  cfaiufl;  Bflieatw  uf  oloiaiiuiiiit  faol   which  f-- 
diflvTvncca  of  vnapotalioa  nmilor  lo  thoM  iUiwtmtad  sbon,    . 
impoedUe^  liowercr,  ia  the  preacBt  statu  of  tb*  ociaiica,  lo  dadkn 
the  remihs  of  tb«  mljm  of  numj  of  U>m»  miiwraU  uty  vliitk  - 
Of  probkble  ratioittl  furmuk.    Tba  nuuni  Lajita  IaioU  b  a  n^ . 
aUe  illuMmtion  of  this  bet.    It  hu  a  definite  crystalline  fufn  ( Vn-  ■ 
■nil  bu  luDK  beeo  used  aa  a  laial  ondec  the  nwu:  of  UlttUBtha^ 
ia  n  »ili.itlc  of  alnmiiniin,  '**^«'",  and  aodioto,  with  ft  SU^hidi 
My  of  iroD  and  KMlinm ;  Lul  nnjnenKu  annlyaa  hsve  given  ai 
Bite  daw  eatbor  to  iu  rational  fumrnla  or  to  the  csnae  of  ltd  hw^i 
Uue  color.     I^cvsrtbelte,  the  pifcnioiit  i«  now  nude  aiiifid^ 
ktjte  ijaaiititia*,  by  oombiaiiig  tho  iagnMli«nta  iu    tho  |ir>;-  - 
which  tba  analTwe  have  iudicated,  and  this  wuuld  aocm  Ut  ab-i  -^ 
it  is  tbs  thaory,  ami  not  the  aiulyaia,  which  u  at  ikolt,     Thk  «<9« 
will  be  Author  diaeiwMd  oiuW  fiJJMoo. 

It  will  be  noticed  that  among  tito  aativB  ooia|>ounda  of  al: 
an  included  several  of  the  prrcious  stono^  and  alao  Enar;, 
jrields  mn  oxccedin^j'  boid  jiowder  very  much  naed  in  polishing 
the  ciajs,  thfi  dnj  alntM,  and  to  a  lea  extent  (rom  the 
Alum-elone  and  Beanxit*^  the  alunu  and  other  wiuble  oalla  itf 
num  ara  preparod.  Cryolit^i,  now  imported  from  Giwalaad  ia 
quauIitiM,  liaa  become  an  important  source  of  aoda-nalL  Tlw  tit, 
Bjnni,  and  more  immwlialely  the  d^v  wbidi  rosalt  &oin  thdr  ^^ 
tcgnition,  are  lorfiely  nsed  in  the  manufiuiluio  of  ptitcelain  a^  Ik 
various  kind*  of  cnrthcn-wttie.  Tiie  uuaraet  lilnys  fkimislt  tlie  ad 
for  bricks.  The  sUtos,  tbe  porphyriua,  tbo  gtaoitm,  th»  tnehjiah 
greendtooes,  the  lavas,  and  nnulur  rucks  rich  in  nlnnunum,  aa  wm 
building ;  hut  tbe  otb«r  aluminous  minwals,  with  few  exaqriim^ 
ao  important  applicitii>n^  in  the  arts, 

264.  HetalUo  Aluminom.  —  Beadily  obtained  by  ivdnci^ 
the  chloride  or  the  native  fluoride  (Crjolite)  with  nmtallif 
hat  a  brilliant  u'Iut«  lostni,  and  poMooM  to  a  bigh  dt^crve  all 
ties  of  a  lucrul  mcUl.  It  has  a  low  specilic  ynvity  (3JIS), 
a  rery  gnat  t«ucity.  It  is  oogulnrly  aonofoiu.  It  ia  nrj  inilF~^' 
■nd  ductile^  It  u  an  excellent  conductor  of  liwst  and  deetdKitl*  ^ 
has  a  lii^h  multtng  ]ioint,  although  souMwhat  lowsr  than  tli^  US» 
It  does  not  tarnish  in  the  air,  and  the  moltan  matal  doee  Ht  aubt 
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■TGD  wbon  heated  to  a  hi^h  temp«mtUTB.  Its  pfcaent  cost,  wluch  de- 
pends •olsljr  on  tli«  difiicully  of  extnctioit,  ttnsstJy  HMtrlctn  iiie  ajipliui' 
tion  of  mliiminuin  in  llio  aito  )  btit  nevcrtliekM  il  »  oacd  to  n  limitixl 
UttenI  for  cltrap  jvwdr^,  and  in  a  fow  philoaopliicol  inatnunenle,  \tban 
it  u  ituporlant  to  combine  li^tn«M  with  atmogtfa.  An  alloy  cf  eoppor 
wltb  *)>out  ten  per  cent  of  pore  alluniBum,  radlod  AiumuiDin  Brotiic, 
liu  tha  color  of  ijold,  and  on  atmoit  equal  power  of  nusliog  atiuoa- 
phcric  n^itiL 

Ncitlii'r  mlpliiiric  nor  nitric  aoid,  when  coU  and  (BflicidDtly  dilnl«d, 
attacks  .iluminimi,  and  nitric  aciil  diMolm  it  onl^  •Inwlj-  when  wu- 
oenirati.<il  and  boilia^  Hot  ntlphnric  acid,  howcvor,  whan  not  diluted 
with  more  than  lliKe  or  four  parts  of  water.  diasolTos  il  t^ndly,  witli 
tbo  en^ntion  of  hf  dtof^  gu.  Xbe  beet  add  sohenl  ia  liydioebluric 
■cid,  which  oeU  on  tin!  niiiUl  at  tli«  ordiuarf  leuiponttnn  even  when 
grmtly  dilntnd ;  but,  siigularljr,  tbo  inct«l  dinwIvM  almnrt  equally 
well  in  a  solntioo  of  eanxtic  aoiin  or  p(>tMh ;  and  a  comparison  of  tbe 
Iwo  fallowing  reactions  will  make  oriilont  one  of  tba  moat  important 
features  iii  the  diemical  relations  of  this  metoL 

Al'Al  +  (6  ffCl  +  A^)  =  ([Al-ArfCI^+ A^)  +  a  JIJ-IIl        [238] 

Al'Al  +  {6  y<rO-JI+Ay)  =  (A>^0,1[JM/]  +  iy)  +  3 ajSL   [239] 

HA.  Componnda  in  wtOoli  [Al,]  U  the  Baalo  RadlcaL  —  The 
■nnpaiiR<U  of  this  dius  are  womorpbou*  with,  nml  raauuUe  ia  altnoet 
tnvry  ie«|)cct,  cx<:>^>ting  eolor,  tha  eorrespondiitg  ferno  salts.  Like  the 
lait,  ibey  have  a  great  tendency  to  form  boaie  salta,  and  they  eichibit 
ia  gMMral  the  loiiw  reaction*  which  biiTo  btwn  afaoady  dasciibod  ($  268). 
The  USD  of  tlio  DoliiKln  olnminie  mltfl  in  the  nrta  depends,  —  let.  Upon 
their  tendency  to  form  ineolnhio  boaie  compounds ;  and  3d.  Upon  the 
foct  tliat  theae  bnaio  compounds,  indnding  the  bydratee,  eagerly  ahaurb 
Ihe  Mluble  OTKanic  extracts  wed  a*  dyee.  When  oiKanio  titanea, 
ynm  or  nlutJi,  are  (lipped  intu  a  Hulution  of  a  haaie  alnminio  mU  (oobi- 
pam  note  to  pngo  3^S),  or  whnn  in  the  pKicoa*  of  calico  prinlins  a 
nmilnr  pnpantion  ia  tmnRfr^tTTtd  to  the  mirrsce  of  the  fabric  in  regn- 
lar  deeigni,  the  insoluble  basic  compoTinds  jtiat  referred  to  are  formed 
in  the  very  Abre  of  the  mat«ml,  and  beoonie  rilll  tnoni  (imdy  incor- 
porated when  the  tUaue  is  expoeed  to  the  acUon  uf  air,  *t«am,  or  other 
WgfaXt,  in  ibe  prooeu  known  aa  offin^.  If  now  Ihi^  rara  or  doth 
fiuu  prepared  it  dippnl  in  a  dyo-Tatt  the  alumjnic  oomponnd  entangled 
in  tbu  fibre  will  aeiie  and  hold  tbo  coloring  matter,  and  hence  tba 
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name  of  mordanta,  btm  mordta  (to  taht/ait  held  of),  apptki  to  te  j 
)>i«|)anaiona  of  atummum.  The  bwe  fenic,  chiumiCf  wd  ito 
iNilttt  aot  ID  a  HitDibr  irmj,  and  are  also  used  as  tsotdattto ;  bat  rid  | 
the  oolorlca*  nluniinii;  mIU  take  the  tni«  eolor  of  the  An,  tfaa  ttt 
modify  tbo  tint  to  a  grcator  or  lean  oxtsnt.  Hooob,  in  tha  fioem  i  I 
calioprintutg;  tuuxu  colon  am  obtAincl  fixmi  the  aana  bA,  ifti  I 
tin  design  has  be«ii  print«d  on  the  cloth  with  the  apptatHUe  ■»l 
dants.  When  salta  of  aluminoiD  ue  mixed  in  aolution  villi  iit  \ 
ato&i  and  dwompoaed  bj  an  alkaline  reagent,  the  intolnbte  bjite 
or  bnsio  wit  thus  fonmul  eatriw  down  a  latge  unonut  of  Uu  aUl  I 
mattor,  and  these  colored  pndpitat^M,  whon  dried,  ue  nwd  m  f^ 
nienta  {Laixi}. 

Of  the  soluble  raits  of  alnminitm  which  may  be  uanl  u  maduA 
the  most  important  are  the  atuma,  whon  Bjmbols  ban  alraijjrl 
{^ven  ({  263).  Tliey  alone  ayiaX&aa  teodiljr,  and  can  tbtn&N  t>  i 
canilj  nmuuEoctunid  on  a  ("ge  scale  in  &  condition  which  ton 
polity.  The  alkaline  eut[>h.-iti'.  which  tboy  oontain,  altlwogh  it  Jft» 
mines  the  peculiar  ct^statline  cbaraut^  of  theao  double  mJIs,  i«  wbi^ 
worthless  to  the  djnar,  and  it  depends  chiefly  on  tbe  ruling  pricp  wkfiW 
the  amnionic  or  the  potaasic  salt  is  employed  !»  their  ounu&ctoi 
Sedie  alum  doee  not  oiystalliM  readily,  and  ht  Lb«>refoTe  nmv  wL 
The  aluminic  auljdiale,  which  la  the  only  aaafnl  put  of  tbe  ilan 
is  gntemUy  obtained  1^  daeonqiottng  clay  or  shale,  after  it  h«  hM 
voMted  at  a  low  led  heat  with  eulphnrtc  acid.  Ii  is  onul>  m  Mp 
quantitiea  in  Eugland  and  Germany  bom  a  bitiuninotis  shils,  bad 
among  the  lowest  bods  ot  the  coal  measures,  which  contains  s  li^ 
quantity  of  iron  pyrites  dissomioated  tliiouKb  tbe  maaa.  Wbaa  0^ 
ttluin  schist,  or  alum  ore  as  it  is  called,  is  slowly  bnnit,  one  ht^f  i/lii 
■ulpliur  of  the  pyrites  is  converted  into  sulpharic  acid,  which  si  i^ 
tbtcoiiiponiM  a  portion  of  tbu  aluminic  silicate  thai  the  afaale  booI^ 
Dins,  yirldinix  n  ocrtAiu  amount  of  alnminia  8ulpbat«.  At  tfaa  ^ 
time  fnrroiis  sutphnto  i»  formed  by  the  oxidation  of  the  reaUas  d  tit 
pyrites,  and  when  tbo  roasted  maii*  is  Itxiviatod  with  water  bolh  wk 
dissolve.  Lastly,  on  adding  to  tbe  solntion,  after  oonoeotatkn,  f^ 
sic  or  ammonic  sulphate,  alum  ia  fJomuMl,  whieh  ia  aopasdad  frwfll 
ferroua  salt  by  cryslAlliation. 

A  small  amount  of  polasNum  alum  is  moda  in  tha  fion^  &■• 
from  Alum-Stone  {$  383).  This  mineial,  when  roasted  and  miW* 
for  several  months  to  the  action  of  air  and  aoiatauo,  crtnaUM  JBBl  I 


i»Mi] 


ALUMCail. 


415 


•Oft  of  mvii,  whiob,  wboQ  liximted,  yields  Hm  vdl-luown  Ronuu 
«lato. 

Within  the  la«t  feir  y«km  tbo  uso  of  nloia  tuu  boon  la  a  meaaure 
BUpi-nnleil  by  the  iiitTuiiiiction  ioto  oomtnerca  of  pun>  olaminic  sul- 
l>hittu,  trliich  is  made  bj  the  direct  action  of  sulpboric  acid  on  aomo  of 
tbo  piimr  Yariutiua  uf  clay,  and  freod  from  iron  by  means  of  audi«  fonx>- 
Cjr>niil«.  Thin  rvo^Mit  \»  tiddod  to  Uie  aulution  ao  long  u  it  occuioiu 
a  bluo  prvcipitnto,  nnd  uRet  tbii  Bvttlnt  the  dear  liijuid  is  decanted 
and  evaporated.  Tlia  naidue  in  known  u«  toacnUraUd  alum.  Tlie 
sail  uay  bo  cryatoUiMd  in  small  acalca,  which  have  tbo  coiupoaition 
givan  below. 

A  solutioD  of  basic  olnnlnic  oootate  is  also  much  used  as  a  roordanl, 
sspocisUy  for  ottdd«MiKla,  under  tlio  uuno  of  lied  Liqnor.  It  is  pro- 
pond  by  adding  plumbic  acetate  to  a  solntion  of  alum.  The  only 
linpottaut  Huluble  aaltt  of  aluminum  which  have  not  yet  been  maur 
tJuiiml  nru  thu  chloride  nnd  nitmlo. 


Aluminic  Chloride, 
Aluminic  Xitntc, 
Aiuminic  Sulpbnti\ 


Tho  reactions  of  the  aluminic  salts,  when  in  solution,  differ  froia 

liose  of  til*  oomapondtng  f«mc  snits  ehinfiy  in  the  fact  that  tb«  whit« 

niaic  hydrate,  whidi  is  pKcipitaled  by  th«  alkaline  nagtota,  dis- 

Ives  easily  and  pvrfeoUy  in  an  exeew  of  either  potttwie  or  sodic 

bjdnte.     A  compnnnd  of  aluminuui  may  genenlly  be  iwo^iimiI  by 

I  blue  color  vrbioh  is  obtained  when  the  nlitl,  prarioiisly  tnoistooed 

rith  a  solution  of  coboltic  nitmto,  is  Intcasoly  hearted  in  tho  oxidiang 

ame  of  the  blowpipe. 

280.   CoBpooaas  to  whtob  [AQ  to  Um  Add  Radical.  —  Sodic 

lominatfv  the  samo  compound  which  is  formed  by  [23{>),  is  nov  man- 

ifari!iurFd  on  a  large  scala  from  Beauxite.    The  pnlveriwd  mineral, 

nixeil  with  sodic  carbonate,  is  beoted  to  bright  redoeaa,  and  tlieaolnblo 

Inminatc  thna  forraiil  sepoistod  from  tho  insidable  residue  by  lixivi- 

tion  an<l  vitiation.    On  «vnpomting  the  clear  solution  (in  mtetta),  a 

rbite  amoipbons  solid  ta  obtained,  which  has  tbn  eompontion  alroady 

Alnminic  hydrate  ia  preci|Htated  from  acQntioas  of  this  com- 

I  OB  tho  addition  of  any  soluble  acid,  or  even  on  exposure  to  the 

rbonic  arid  of  tho  atmosphen^  and  Diis  new  commercial  product  may 

I  used  with  great  sdronts^  aa  a  subsUtnte  for  alum.    A  remaikaUa 
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nacUon  occun  when  •olations  of  ahunimc  chlorid*  and  aodic  lini 
nate  am  mtxud  toKetlior  tn  atomic  jffoportums,  Qlaetiating  tlw 
twofold  mlntionii  which  tho  imiiMl  [dt^  nuj  eustaiti. 

Although  other  lUiiiiiiiiatoi  may  be  pnpoKd,  the  tuUt  just  6mxM 
ii  thv  only  notoworthjr  axamplo  of  thii  cIom  of  ooiDpoimdii  %tBA 
howorer,  anJ  th«  allied  luincraU,  mny  bo  ngu^od  as  TTiftn  nlnminito 

287.  Alnininic  Cblorid*.  [^/,^Yf,  is  the  only  oumiiound  of  4laBr 
num  with  i:lilui-iue.  It  ia  maile  by  pasa&g  chlorine  (pi»  into  k  ndxtm 
of  aluininic  oxiitc  with  cattxm,  heated  intuisely  in  an  outheni  nlas, 
whcD  the  chlorido  di>til«  over  and  condeiueH  in  tho  tvoeiver  in  yclle^ 
iah-whito  ct}^^!!!!^  scalcfi.  It  in  n  (bfliblo  tolid,  wliich  ralalilimttt 
l«mpemtun)  only  a  few  degrees  above  it*  mplting  potnl,  and  liw  S^ 
Or.  of  its  vApoi  coufirme  tho  theory  of  it«  oonstttutioo  gtatmSj  * 
copied.  It  eajjctly  unilea  with  water,  but,  like  tenic  oldoridOt  it  aiM 
be  Ti!cuvrn:d  by  evajiumtion  wtwu  ohm  disBolv«d.  It  focm*  dooUb 
waltH  witli  the  nlluiliiie  chlcjridca,  aod  one  of  those,  [^/JICT,.3A(X 
jilnyii  All  importunt  pnrt  in  the  pRparation  of  tUnminaiu. 
.  Not  only  Al^Clg,  but  nl#o  /V^/,,  when  wibydroue,  det«nitii» 
racy  raaaHt^Io  nwctions  botwovn  the  hydrocsrboiu  of  tJi« 
aeriM  and  the  chlorine  or  bromine  oompaoiida  of  rariooa  hydiwt* 
ndioRla.  The  effect  is  to  set  fiee  UCl  or  JI£r,  and  to  rqihoa  om  « 
more  of  the  hydrogen  atoiaa  of  tlie  bydrooarboa  with  the  trials 
quwtiun,  thu« :  — 

(c^ff,  +  c^.ci + «i/,cy  =  {C^BiC^^  +  «j</^(,> + Bci  [saj 

The  AljCl^  which  appeals  to  act  w  tho  raedtam  of  the  imi  rim  ir 
niaiiu  uncluin^t,  and  the  theory  of  tlie  procrae  ia  atill  obanm 

Sttf).    Aliimlnlo  Oxide.  Al/)„  forma,  aa  we  Iiave  tt^n,  iha  miiial 
Corundum,     ll  may  be  obtained  aittfieially  by  igniting  eillw 
nium  slum,  or  tho  hydntte  obtained  indirectly  frnn  Beaoxile  fi 
It  is  a  hygtoacopio  white  powder,  which  adh«r>oa  to  iha  tang"'! 
does  not  become  plasUc  when  mixed  with  wal«ar.    It  afl^lit  HI*  ta* 
oxide,  two  condition^  and  the  ehange  boat  one  to  the  otWif  ■ 
panied  in  like  Banner  by  a  aoddcn  inomdeaDenea.     It  my  W 
by  the  compooad  blow|tipe,  and  tho  leaoltiag  tnaspanat  ^mi,' 
Comnduin,  has  a  hardnaea  only  inferior  to  that  of  Diataood    Ibv 
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OTOT,  wlomd  oryitala  mMmbluie  the  Rubf  utA  the  Sapphire  haw  boon 
obtaioml  1>>'  ut. 

S89.  Alatulnla  Sulphide,  [Al^fS^,  u  fcnrnod  when  ftnoly  divided 
ilaminiuu  ic  bunit  in  thu  vajior  of  tulphur.  It  ia  &  bUck  powder, 
which  is  raiMdljr  decompOMd  by  water  into  H,S  and  [AQlO^/f^. 
Benee  M^  doee  not  under  nny  coRdittona  predpitale  aliunintuti  from 
•olaUoBS  of  il«  aaJta,  iind  the  precipiUte  obuincd  with  Uie  alktlino 
nlphidM  it  dniply  the  nomial  hydrate. 

QUESTIONS  AND  FBOBLSMB. 

1.  Why  u  not  the  Btonuc  wci^t  of  rinmuiiua  doubled  aocoidliiig  to  the 
yoneiplc  o(  1 20  ? 

t,  Oui  the  oompoiiUoci  of  the  asUvc  fluoridni  of  Aluminum  Iw  cipreMcd 
Ij  unitary  ■yntbobi  ($&4}F  Can  you  devuMi  a  proccu  by  wbkb  codie  eu- 
Wute  nuy  be  nude  ttoui  CiyoUle  7 

3.  Compuc  t»g^?r  tbc  mmendii  iMmotpfaoiu  with  fipind  f}$  2f!3, 204, 
ST3),  M&d  tbow  in  wbat  two  wnys  their  conalilutlon  rooy  be  vijncaKd. 

4.  Compare  thv  cryitalline  htm  and  ItardncM  nf  Conindnm  with  those 
ct  tbe  allied  MttquioxbleB. 

Sl  Oomiiere  the  nattre  aluminio  with  the  native  (cnic  hydcntea,  and  ahow 
hov  Ruuiy  of  the  piMSilile  hydnles  are  reprcMitcd  amon^  tho  untiTc  Alniuialo 
wltt.     U«e  the  table  of  terrk  hydratoi  already  nude  (Pmb.  07,  Div.  XIV.). 

&  Uake  a.  l&ble  ot  the  known  compoundA  of  the  two  alum  typca. 

7.  What  lufercDce  lihoulil  you  draw  frcnn  a  oompariMn  of  the  aymbola  of 
the  dllTemit  alumiDum  compnundn  lu  rv^-ards  the  isumiTrpbisra  of  calcium 
with  tbe  a1t»lin<'  ndicab)  7 

&  Some  ruirtiea  of  PyropbylUte  doMly  Temnblo  Steatite.  By  what 
ainqiU  blowpipe  ksl  can  tbe  two  uincraU  be  diattnguiibed  t 

9.  Write  the  reactiou  of  nodiiim  on  ■ndio.aluiiuiuo  chlorJtfa  or  flooriil^ 
and  calculate  how  much  aluminum  can  be  obtained  thconticaUy  for  evuiy 
kOogranuDO  of  lodium  employed. 

IOl  How  doM  the  Bp.  Or.  of  alnndnuoi  oompara  with  that  of  the  other 
DJefnl  metals  t 

11.  Write  tbe  na^on  of  nitric  acid  and  that  of  aulphuric  add  on  alumi- 
nnnt.  aiMitminc  that  nitiio  oxide  i*  evolved  ia  the  tust  caw,  and  hydrogen 
gM  ia  tbt  Mcond. 
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IS.  Oonpan  RMtiou  [3391  toA  [a3B\  and  point  oat  Uw  iirftna  lA  | 
tioM  of  Ibe  ntdiotl  [<lli]  In  Ok  two  i 


13.  Explain  tbc  pcculur  nUtiooi  of  tlw  atamiiuc  ulu  cm  iriudi  ttea  i 
M  BonLmta  dcpoidti. 

M.  Wriw  Uw  fMCtkn  wbkh  takta  plae*  whwi  aodie  eariwoMe  u  ^U ' 
to  *  tolntion  of  alum,  n  long  m  the  predpiUta  fint  limMd  H  tnliMiini,  ] 
Mwming  UiU  the  buJc  alnminie  aolpliat*  wfatcb  twoaiiia  in  ooloiloa  i 
OM  "atom"  8(^  to  wch  atom  j1^. 

lA.  Whnt  tr«  tbc  relatiTe  bdrinote  nliMS  of  potaannm  alnm,  ac»nca« 
alum,  acd  crj'itoIliMcl  alaniuuc  «ulpl»U,  taJdng  m  the  Mandud  tin  ;s» 
titr  of  nc-miil  nliuniiuo  hj-dnt«  wbidi  «Hi  b«  obtaiD«l  froin  Mch  t  Ok  i 
doM  th«  [iRfumioe  given  (o  the  aloma  aa  BwdtBla  diitdlj  ran  1 

16.  Ej:|iluiii  aod  illtutrate  bj  readioaw  tbo  piocan  ot  nuuiufactntaj  tta  i 
bom  tfao  alum  ahatea,  and  aUo  from  p(u«  day. 

17.  Dloatnite  hy  rcoctiooa  the  ciianga  of  Aluia-«ton«  into  nlva  li  tkj 
tMnnfactiue  of  Ilomaii  alum. 

18.  If  a  pottion  of  tite  w»t«r  obtained  in  the  uulyaca  of  AltnniaiM  ■<  | 
Pamlutniuitti  is  water  of  conatilution,  bov  may  llie  ajmibola  ba  writical 

19.  WriM  lhet«aclJonofpIumbicM«tal«oi>  aaulntion  of  a]nm,BMaM 
that  tbe  bade  acetat^  irhLeb  tfmaias  in  agltttion,  contnina  one  ■unii'J 
every  thrra  atoma  C^fi. 

90.  What  are  tbo  two  chi«f  differanoea  betweon  ib»  «h«nWl  iiilalT'*! 
iron  and  atuminiun  T    lUtutntc  the  differenoea  by  nactlooa. 

SI.  Expinin  and  iltuntretubjieMdonalke  mithod  of  Bunnbdsmf  •— , 
alumiiuitc  By  whut  lot  could  you  deUradue  when  all  llMa^haMJ 
oonvrrtcd  into  iodic  aluioinale  t    Why  evaporate  •olntlon  m  MMMf 

23.  Writ*  itaction  of  CO,  cm  loltttiiom  of  aodJc  nlummate,  »ad  iiffcil*! 
aw  of  thb  aalt  ai  a  mordant. 

53.  Asalyae  reacUon  [S403. 

54.  Bhow  bnr  Spinel  oould  be  derived  from  a  '—-ntijln   nwniMJ- 1 
nat& 

23.  Write  the  reaction  by  which  alnminie  efaloride  la  ranB^tad* 
that  the  Sp.  Or.  of  iu  vqrar  conAitw  tha  ibMtry  of  ita  nrmilliillr  >--  - 
Boeepted. 
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56.  Write  the  leaction  which  takes  place  when  a  Milation  of  alntninic 
chloride  ia  evaporated  to  dryaeea.  Consider  whether  the  product  fonned 
by  the  nuiou  of  the  anh^droiu  chloride  with  water  ongbt  to  be  legaided  aa 
K  chemical  compound,  and,  if  ao,  eodeavot  to  lepreeent  its  constitation  by  a 
rational  symbol. 

57.  Compare  the  reactiona  of  ammonic  snlphlde  on  an  alominic  and  on  a 
§Btnc  salt,  and  explain  the  cause  of  the  difference. 

as.  In  what  order  would  jon  elaaaify  the  sevenl  radicals  [fijt  r^aiding 
tlteir  electro-native  relations  I 
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590.  oLncnmu.  oi=i3.9,~[eQ  u  proboUr  Mxtinhri,b 

[AQ.    A  uieullic  element  found  in  Beryl,  Ol,'*0,"(Si,0^«0^iil^ 

ChryttdbnTxl,   GlfifSAi^t),,  uid  k  Gbw  utbrr    ran   tnini-t»l.     Ja 

metal  U  very  %ht  (^.  ffr.  2.1),  i>  moJloabl^  has  ■  bdglit  «i* 

lustro,  <loc4f  nat  alter  in  tbo  air  oven  vhc^n  lieatei],  un  J  does  doI  dK» 

pose  aqueous  vapor  at  a  red  heat.     It  n?«emblis  lUutuintun,  u  ib>  di 

Ha  oside,  hjrdrate,  and  chloride,  the  coTreepondiug  ccmpoin^  dik 

tauue  eJemcnL     The  hydrate  diflen  from  that  of  altuainutn,  homK 

ill  mv«ral  iuiportaiit  retpecta.    Althoogli  soluble  in  caustic 

is  again  precipitated  on  boiling  th«  diluted  eolutjon.     It 

•olutioiia   of   atnmoiiie  carbunato,  \rith   which   it   forma  • 

Uiio  satt.     It  j-ioldH  with  xulphnric  acid  a  weU-dTstaUiml  astiirit 

Gt,0^(S0j\.l2fT^0,  which  fonns  with  potamc  ealphat«  «  Ulk 

ealt,  K„Glj'«{6'0,\.GII^0,  wholly  different  from  alum.    1^.1 

absorbs  CO,  from  tlie  air.    Tlie  salts  of  this  niBta)  have  on  vH 

tion  and  a  sweet  taate,  wh«Doe  the  name,  lium  ykoKvt.     Thm 

chemists,  hoverer,  usualij-  nama  the  metal  BorjUiun,  and  <rnik 

ayinbol  Be.    Then  U  still  a  qnostion  ia  rogoid  to  the  qoaUinlan 

IhJH  cluDcnt.    Some  cbcmirta  r^ard  tho  oxide  as  of  the  i; 

allied  to  JtfffO,  and  if  so,  the  atontic  weight  of  the  elemeot 

9.3;  but  a  rec«nt  dotermi nation  of  thespeoifta  boat  of  gli)ciotiiii,pMi 

tho  viUuQ  0.4084,  favon  tlie  theoi;  hen  adoptAd,  that  filqciiB  i> « • 

qnioxidi?,  and  tbiei  view  U  supported  by  the  fact  tUnt  glncina  nfii* 

^mnina  in  the  rainenl  Danalite.     Tbe  cloanficatioa  of  llwUi' 

n 
aBsQmM  that  01  =  9.3,  and  hence  tlie  qtMaticm  in  mgud  te  tkw 

bcular  Mructure  and  affinities  of  the  oxide  is  one  of  great  nipaMB 

591.  OAUJUM.  (7it  =  S9.&— This  tnetal  was  dbmnfd  M 
mean*  of  tho  npociroecope  in  a  zinc  Blende  from  tbe  Ppaam,^ 
\a»  nnco  been  found  in  veij  minute  quaatitioa  io  blnid«  bum  a 
other  localities.    The  63  gnunmes  of  Oalliiim  exhibited  in 

Exposition  of  1878  were  prepared  from  2.400  ltil.yfm>f 
niineraL     The  metal  is  bluish  white,  and  boa  tlw  nnunfaUa 
of  fusing  at  30M,    Tlie  molten  metal  nsembW  meit-tiry,  ami 
liquid  for  wvcntl  wp«ktt  even  at  0°.    If,  bowevnr,  the  gluhnlr  u  tsW 
witli  a  small  Augment  of  tlie  solid  metal,  it  at  Otice  cijrtaQiaa    f 
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allhoagh  so  Tunble,  gallium  is  not  volatile  at  a  led  h«at,  and  only  a 
tliin  liliu  of  oxiilt)  forms  ou  ttiti  aurfaco.  TUe  Sp.  Gr.  of  Uie  metal 
ia  5.9,  nn<l  llin  tixwifiv  heat  0.060.  It  reuility  Oiiiaulrea  ui  ililuto 
hydrochloric  acid,  and  bInd  in  Jirilulion  nf  (»ii»ljc  uUcaIj,  willi  svulutiou 
oC  hf drcig^n.  The  oxiilc,  OajO^  i»  a  wliitn  poivder,  inxJuhlo  in  waUr, 
but  ruulilf  solubie  in  puUub  and  in  ointnoaia.  Tbo  chlorid*(  GofCl^ 
it  very  deli<|iie(cent,  but  tho  aqueous  solution  vrheo  dilutad  beconuu 
.  turbid,  owing  to  the  tonnation  of  an  insoluble  baaic  ealt.  The  sulphate 
comhinew  with  ainuiouic  sulphate  to  form  a  double  salt  having  the 
•auc  constitution  and  crjElaUiue  fonn  aa  alum. 

292.  INDIUM.  las:  113.4.^This  metal  ia  another  a«ooiato  of 
BDC  found  in  iho  linc  blondo  of  Frciborg  and  of  a  fbw  other  localitioa^ 
Bad,  hko  Kailimu,  vraa  diacovered  with  tbo  s{wctToMop&     It  takes  its 

ittUDO  from  a  ncllinorked  ladigo-blue  band  which  its  fUme  shows  when 
-iBuainod  vrith  thU  inntrumout.     Although  lasa  volatile  tbaa  ziuc,  it 
^Hmes  over  in  the  proncss  of  difltUlaiion  (§  226)  with  the  graat  mam 
ef  tho  metal  vith  which  it  iDmaina  allojod,  and  tlie  nnc  of  Fnibtcg 
eontaina  about  one  tenth  of  one  per  oout  of  indium.     The  motal  ia 
•after  than  lead.    Sp.  Or.  7A2.    Melting  point,  176°.     Ithaaavhite 
I  metallic  luxtn^  which  it  retains  in  the  air,  and  doee  not  act  on  boil- 
:  tag  walvr.    The  best  solvent  in  nitria  acid,  but  it  diMolvcs  slowly  ia 
<  lyrdrochloric  and  dilute  sulphuric  adds.     Ueated  on  chaicoal  before 
the  bloivpipo  it  colore  th«  flanio  blue,  and  givee  an  incrustation  of  the 
oxide.    Tliis  oxide,  /"lO],  is  a  pole  yellow  |)owder,  wltich  beoomes 
Viowu  on  hestiug.    The  bydrnt^v  Ii^p  formed  when  ammonia  is 
a^ded  to  a  aulution  of  an  indimn  lalt,  ia  a  gelatinous  precipitate,  which 
f^iteoaws  more  dense  on  boilings  end  readily  ohaogea  into  the  oxide. 

Indium  chloride,  In^Cl^,  ia  an  extnmoly  deliqueecent  white  solid 
which  diosolTes  in  wator  with  a  hissing  noise  and  evolution  pf  heat 
Oo  cvapomtuig  tho  solution,  a  basic  salt  is  obtained.  Indium  sulphate 
com  bines  with  the  alkaline  sulphates  and  fomis  wdl-detiued  crystals 
:  the  fonn  '■*t'T  conetitutioB  of  alum. 
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293.   Tmtnntf,  BBBITTH,  and  thair   ABsodstMk— Hi  ib 
liUQ«ralB  Giulohiiitr,  Etixi-nito,  Knilluuitc,  nnii  Samanddla  cooUb  t 
mktun  of  earths  which  quite  dowly  rmomblo  glturina.     In  gnai 
howtiver,  they  differ  from  it  in  tbnning  insolublft  oxaUto^  tad  kaa 
Are  ptvcipttatMl  on  adding  an  oxc«m  of  oxalifi  aotd  to  scdntJou  of  tk- 
sttlts.    Their  hydratoa  alito  are  Insoluble  {n  raia«tic  Bod«  or  poU' 
tbou^  they  dissolve  readily  in  solatiopi  of  ajnmotiia  and  tU  oHmim- 
By  diflercnt  processea  of  firactional  trmtraent  tliere  buro  bMO 
from  thb  mixturo  of  earths  a  Dtmibcr  of  metallio  oxidoe  wfaose  mtfat 
lur  ii-i:ighU  vary  from  about  61  to  I  <  7,  and  tbe  metallic  ndbak  d 
UioM  narths  hare  booo  callod  by  diiforont  chemista  Scandium,  Tur  n: 
Ytterbium,    Terbium,  Dejiipium,   lloltnium,  Tbuliutn,    RrbinK,  4i. 
For  the  most  put,  at  least,  theee  oxides  are  distingntahed  by  lu  v4 
Boarked  characters  except  tbe  rarying  molecular  iroight  and  Uwpa^ 
tion  of  the  bauds  which  they  give  Jn  the  ipcctrDscopa ;  iliiniii 
which  protWDt  luoh  complicattou  that  it  is  difficult  to  interpret  tl^ 
Hence,  although  then  o^'idcntly  «xist  in  this  tttuctiir«  of  cartk  ( 
Dumber  of  sepantA  elemonta,  yet  it  is  nnpowiblo  to  say  haw  uq; 
or  how  far  the  distinctJont  datmed  by  tbe  autham  of  the  above 
aro  valid.    Moreoror,  wc  cannot  at  pnsont  dc«ido  wbetlirr  then 
aie  protosidee  or  Beequioxidos,  although  the  probability  &vun 
view,  at  least  in  regard  to  most  of  them.    Tbe  apoctroscQpfe 
Die  by  far  the  most  distinctive  featorea  of  the«u  Babetanoc*,  and 
more  of  thetn  prtnent  very  striking  plicnomona  of  tbi*  da*, 
ciibrtance  formerly  called  F.rbiiira  Oxide  shines  with  a  gnen  I^^ 
tlinngh  it  does  sot  Apparently  roIatiUin,  and  with  the  >p««tnecepfli 
unique  phenomenon  is  seen  of  brilliant  colorod  Innda  mpennipwJ  * 
a  continuous  spectrum.    Moreover,  solutions  of  Uw  nlta  of  tiu  ^ 
ftbeorb  the  nme  colored  rays  wliich  the  ignitod  oxide  omits ;  sal  vta 
a  Ittmlnoea  Barao  it  riewed  with  a  qMctroeoope  throogh  mch  ■  tcto* 
<lark  1)ands  arc  seen,  which  have  tbe  same  position  as  the  Invaa 
bands  just  mentioned.     The  studont  will,  of  couive,  iinttTifri 
tbe  opinions  here  expressed  are  baaad  on  the  knowledge  ia 
thfiM  eartlis  which  luu  thus  tu  been  pubUsbed.    Sevmrnl  ahb 
are  at  present  investigating  tbe  subject,  and  we  majr  aooa  amd 
dofinito  rocults. 
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294,  CERnna.  Ce=  111.  Ih&NTBAiniM.  La=i  139,  and  DI- 
D7U1UU,  D  -^  140t — Tliwe  llinx.-  tutu  ulumuiiU  nro  fouiul  ioscp*- 
nU)'  tiiiitwl  ID  Ceritv,  AUiLiiitc^.  Lantliaiiilr,  YUrocciriU;,  l'antait«,  uid 
Nveml  ulhcr  voij  niro  minerals.  Tlicy  nro  not  nnfnDctnenUjr  a»sot-iutait 
itb  llie  olcnxinU  of  thg  lost  aectiou,  ivhich  tbey  roaemljlc  iu  auuiy 
particoloni  but  Uiey  diffvr  (nni  thciu  iu  formLug  wiOi  jintjuuimu  io- 
soliiUo  double  snjgihatos,  aoil  btncc  they  are  praclpitatvO  on  niMing  aii 
excess  of  potasaic  Hulj>hnl«  to  aDlutiiiiia  of  their  salta.  Tliey  all  yield 
nxiilM  ot  the  iona  Itfii,  but  cerium  dtflera  ftom  the  oIIipt  two  in 
fonning  a  higher  oxide,  probably  CeO^,  which,  when  heated  witli  hydi«- 
chloric  odd,  ovolvu  oUbriitc  Tbo  oxides  of  ceiium  and  luiilbaiiuni 
are  mom  or  lees  colored,  and  tliat  of  didymium  ix  dark  liruwn.  The 
aalte  of  didyiuium  ai«  piiik  or  violet-col onul,  and  whun  in  solution, 
even  in  Bmsll  quantities,  absorb  powerfully  certain  mys  of  light;  and 
the  spectrum  of  a  IniQinoue  Ibimc  viewed  through  such  a  solution  abowa 
a  strong  abeorpliou  baud  in  the  yellow  and  another  in  the  green.  Aa 
tlwM  bands  differ  wholly  from  tlmec  of  the  erbium  csrths,  tht>y  enable 
m  to  recognbe  with  cortaioty  the  pi«aenee  of  didymium,  as  none  of 
it«  associated  «l«menU  ptoduco  any  such  effecL  Moreover,  since  the 
charadoristic  absorption  bands  are  souii  with  leflected  as  well  as  with 
tnuMmittcil  light,  wc  an:  onableil  to  extuiid  tltin  mode  of  investigation 
even  to  opaque  solids. 

In  regard  to  the  elementary  substances  but  Uttle  is  known.  Coriom, 
which  has  been  obtained  by  reducing  its  cidohde  with  sodium,  ia  a 
soft  metal  like  lead.   WIten  jiolislieil,  it  exhibits  a  liigh  metallic  lustre, 

iioil  ita  apecifiio  gmvily  i«  about  5.5. 
r  L  Some  chemists  regard  gluctna  an  a  protoxide  like  magnesia,  and  hence 
writt  the  n^bol  010.  What  wnuld  Ihm  be  the  atomic  weight  of  glucinum  ) 

Ana.  ».3. 

1.  Whftt  would  br  the  nymbola  i>f  Ikryl  and  Chrysobdyl  on  the  aMiuup- 
lion  of  the  Liiit  probltna  ? 

3b  If  the  yttrium  and  erbium  eATtbn  preKnt  nich  tnarhtd  spoctroncopic 
chuactcni,  why  i»  there  M  much  diificulty  in  deQuing  the  scpatste  clemonti  I 
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'  >bo  wiij  (be  great  differences  of  molecolAr  wciglit  ^ve  m  m 
atmaa  of  distiiietHa.  GoDdLder  also  what  bearing  the  "^^^iv^  4 
\  at  mtdiM  witk  nkolenltr  weigtits  TurTtng  betwen  rack  enn^ 
t  kn«  on  tlw  trtndpie  of  the  dnrifiv-ation  of  Uendelq^  Ob|» 
«ft&  On  bet  Ae  dfvdjr  agnciBg  atomic  wei^bta  of  nickel,  coImJi,  BUEf» 
■fli^  son,  ttd  attDKiiim. 

4.  Sv  vhxt  two  iMgGiiIs  maj  the  elemeata  of  this  Bectioa  be  drndoj  in. 
thnsgnnipa?  Ana.  Oulie  acid  uhI  potnwie  ml]^ 

t-  nn  Mixed  widt  Iba  edar  lUied  oxides,  the  amount  of  cent  nib 
pcaait  Bi7  b«  Jetermfiwd  bf  dioMlring,  out  of  coaiAct  with  iIk  lii^  ■ 
wtJR^id  amooTtt  of  thd  mixed  oxide*  in  hTdrocUoric  acid,  to  whieli  ^m 
petMBC  iodide  hM  bem  added,  and  then  Gndi&g  \>y  [1&8]  ibeqntnlitTtf 
iodioc  t&m  Kt  free.  Wdte  the  nactioaa  iUoatratuig  the  tbeotj  of  i)« 
procea.  Am.  in  pert.  <V>4  +  8Sa  =  3CiC^ -|- iH^  +  Oa 
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DIVISION  XX. 

OOLD.  Ati=l97. — Trivalant  Almost  alwaja  found  in  tlio 
tivu  iiLilf,  or  only  slightly  alloyed  witU  other  mctult  Tlio  only 
vell-dotincd  ufttivo  compounds  aic  (Jiose  with  tcllurinm.  Very  spar- 
ingly but  vwy  widuly  diwcniiiiatvd  through  many  of  the  <^taUine 
focka  and  in  tbo  alluvium  r^multin^-  Trom  Ihvir  disint^-gratioa  In  the 
gold-bearing  rocks  the  laotal  in  ftMjnf'ntly  found  accumnlated  to  a 
£n<al«r  or  lesa  cxt«nt  in  vdna  of  Qnsrtz  (Auriforoiu  Quarti).  It  la 
at»o  ouuatanily  sasociat«d  in  tcitiuto  quantitioe  with  other  metallta  onw, 
«f|>i-ciiilly  witli  thoAO  of  ailTOr,  aiid  in  some  localities  tlie  vdiui  of  iroa 
and  ooppct  pyrites  yiold  tarf^o  ainuuntit  of  tho  procioua  motaL  It  is 
extracted  eithot  by  simple  washing,  or  by  bringing  the  finely  p^Ivo^ 
bed  ore  in  contact  with  m<?tiiliic  mi'rcury,  wliich  has  a  great  affinity  for 
gold,  and  jiiuki  out  the  minute  particles  from  the  maaa  of  rufose.  Tlie 
pcocoM  i«  very  nimple,  and  tlie  cost  of  the  product  tlepcnda,  to  a  groat 
ext«Dt,  on  tlic  voTf  large  aniuunt  of  iuat«rinl  which  iiiu*t  be  bandlod ; 
br  gold  oiM  contain  on  tho  avcmgo  but  a  few  ouucc«  of  metal  to 
thft  ton.  Prom  tho  resiUting  untalgam  tlie  moicuiy  ia  recovered  by 
diatillation,  and  the  residual  metal  may  then  be  melted  and  cast  into 
haiB.  Tlie  guld  thus  obtained,  liovroyer,  is  more  or  less  alloyed,  chiefly 
with  nlvcr,  and  la  refined  before  being  used  for  coina^  This  Is  beat 
Moom|diiibed  by  dissolving  the  m«tal  in  aqua-rogia,  evapomting  to  dry- 
Bev  to  lemore  the  ezoeaa  of  nitric  acid,  dissolving  in  a  tnrgc  volumo 
of  water,  and  piocipitating  tho  gold  with  ferrous  8ulphnt«,  Laetly^ 
tha  pncipitate  is  collected  and  molted  under  borax.  If  th«  proportioa 
of  alloy  is  very  largo,  it  is  best  removed  by  boiling  the  metal  with 
■itric  or  sulphuric  acid.  "When  nitric  acid  ia  used  for  parting  gold 
from  silver,  the  separation  ia  not  comph'te  whoQ  the  amount  of  gold  ia 
mor«  tlun  one  fourth  of  tho  weight  of  tlie  alloy ;  and  ainoo  in  moit 
easM  the  alloy  must  be  fuvt  reduced  to  this  proportion,  Uia  proooM  ia 
caDed  ^uariaiton.  When  sulphuric  acid  ia  used,  the  amoont  of  gold 
nast  not  oxoced  ono  fifth. 

Gold  has  b«en  colled  the  king  of  metals ;  for  it  not  only  posMsaea 
the  qualitiee  distinguishing  a  metal  in  their  higWt  perfectioR,  hot 
also,  BDd«r  all  ordinaty  conditions,  pieoerves  its  brilliant  lostre  unim- 
paired. With  the  cxcc])tion  of  j)latiiium,  iridium,  and  osmium,  gold  i* 
tl»  daueat  aoUd  known ;  Sp.  Or.  19.34.    It  laay  be  drawn  into  win 
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of  Bocb  finrnns  thai  tbrw  fcHoBMUw  weigh  oalj  k  single  Rrutuiii^  cri 
imf  b«  beaten  into  Imtm  not  mora  4luin  one  ten-thoaaandlh  aj  t  iJ. 
UmJetre  thick.  GoM  bu  ft  fiuBiliar  jidlow  color,  Irat  thin  iMni  tnw 
nit  a  gnto  light  It  bs»  bmn  found  that  ao  excecdJngljr  thin  Ub  i^ 
gold  attached  to  the  surface  of  h  0aM  pl&tc>,  umI  heatad  to  a  konfvk 
ture  not  excLYilii)];  315°,  laau>  it«  m«tiillic  luxtro  and  apfMon  nih]r4ri 
bjr  tnutmiltiMl  light;  and  tinvly  divided  gold,  when  n^MwU  ■ 
water  or  molted  into  glaaa,  impaita  to  the  medium  the  aaiiB  beaotiU 
color.  OoU  ia  neartj  ea  aoft  aa  lead,  and  piec«a  of  pan  gold  a^  h 
veUed  together  without  beat  b7  pwmre  or  eoneaamon,  aa  in  Antiinj; 
In  Ofder  to  incnase  it«  hardneaB  It  is  allojed  with  copper:  Th*  Mk 
daid  gold  of  both  the  United  Slate*  and  the  French  ouin^a  eodva 
one  tenth  oojiper,  llut  of  the  Engtidi  one  twelfth  of  the  sana  Af 
(rt>]d  melt*  at  aboot  1,1A0°.  It  u  only  slightly  Tolatil*  at  the  U^ 
fnmace  boat ;  but  bofon  the  componnd  blowpipe  it  is  dis[w»d  ii 
purple  vapor.  It  is  an  excellent  condnctor  of  heat  and  electiiM;,  U 
k  inferior  in  this  icspMt  both  lo  silver  and  copper. 

Gold  i»  not  diMolroil  by  any  of  the  oommon  acidii,  aod  ii  vitf 
tackod  by  the  fnmd  eaujrti«  olkaliae.  It  entera,  howorer,  into  diaM 
union  both  with  chlonne  and  broatine,  and  is  tvodily  dhwulv^d  In- or 
liquid  mixture  which  libetatee  eUooDe.  The  naual  aolTwit  u « au 
tura  of  four  parts  of  hydtoofalonc  acid  with  ona  of  ottiie  acid,  aU. 
on  aooonnt  of  it«  power  of  diitsolring  gold,  aqva-ra^a. 

Whtm  gold  is  di»ol*ed  in  aqiu-r^a,  if  hydrochloric  acid  it  umI  a 
exorae,  the  (olulion,  eraporsted  at  a  gentle  best,  yidda  fdtom  anO*- 
fib^)««l  crystsK  which  appear  to  he  a  molecular  oompnand  of  Jat^ 
witli  JfCL  If,  howeror,  ihi-  craporatioB  is  ptiahed  etill  foithM,  teO 
a  telntwntnre  not  excondiii)!  I  iO',  a  nd  crrstalUno  maas  h  iilaaiad 
which  in  esMutially  jfurb-  C^oritit,  j(«(7/,,  although  it  b  diBcttli 
expel  the  laat  tiaoea  of  ffCl  without  alill  fUrlher  daoomfMsdaji  Ikaai^ 
If  Xhit  produrt  is  hctttml  abore  160"  it  loaee  two  atoms  of  cldnriai.  W 
1h€n  is  left  n  paid  yellow  spaiinj^ly  Aolahlo  powder,  which  i«  J*r^ 
Chlorite,  AuCt,  and  at  SOD*  this  last  it  also  deoompnwd  and  i^^ 
to  metallic  gold  Auric  chloride  \a  doliqaeacant,  and  yii^ldi  oc  mi*- 
ooloied  sehition  easily  disUnguiahod  from  the  aoluUun  of  JwO; .  Bn. 
which  i«  yellow,     it  atdo  fonns  yellow  crystalUna  salts  with  ^  sb 


line  cJilorid«a,  nmilar  i&  mnittitiitioii  tu  tlin  compounila  with  HCtt, 
Tlieir  fonDuliu  an  AhC\.  KCI.  hJ!fi.  vaA  AuCi^.  A'aCl.  i  I/,0.  In 
like  maimer  it  unit«  with  unmonic  clilorid«  and  with  tba  chloridu 
of  most  of  Ui«  OTgiwiti  bwu,  forming  cTystoJUablo  m11«,  which  an 
dben  taopiojod  to  doI«nnJne  tho  molecular  weight  of  theso  alkaloids. 
Auric  chloride  is  a  rery  vinstable  compound,  and  is  i«Bdilj  ndticed  to 
ibu  mctallio  atatOh  SolutioDs  of  ferrous  sulpba(«,  of  antimonious  cblo- 
rido,  of  oxalic  acid,  and  of  sutpharoui  add,  oil  precipitate  the  cold  in 
•  fiiMtljr  dividod  statv.  Phosphuroiu  and  hjpopho*|)buTous  add  and 
eolntiona  of  tbnr  nlta  produce  tbo  Mmo  oiK.«t,  o»  do  nlito  phosphorus 
itself  an<t  many  of  tho  mctftls.  Tbo  brown  gold  powdor  thus  obtainod 
is  much  used  for  gilding  porcelain.  A  eolution  of  stannous  chloride 
mixed  with  stannic  chloride  produces  in  neutral  solutions  of  auric  cblo- 
ri<le  a  biMuliful  purplo  pradpitata  called  Purpl«  of  Cassins,  vbioh  is 
much  used  for  coloring  glaiM  and  porcelain.  The  compound  contains 
both  gold  ond  tin  combined  with  oxygen,  but  iU  chemical  conttitutioD 
b  still  in  qn«stioa.  Metallic  tin  gives  a  similar  predpitalo.  Tliore 
appear  to  bo  two  iodides  of  gold.  AiU  and  An/^,  but  only  ono  bn*- 
raide,  AitSr^,  lias  been  described.  There  ere  also  two  oxides,  Au^Of 
utd  AUfO.  The  first  acts  as  an  odd,  tbo  EMond  as  a  very  fochtc 
bask  anhydride.  The  fulluwiug  reactions  illustrate  the  fbimatiou  and 
nlatioDs  of  those  compounds. 

(K,'0^'Au  +  3KCl+3HtO  +  A^).  [245] 
A\'Ot'Au  +  3  nO-C^Hfi  +  Ai)  = 

^ff,^0,^Au  +  (^K-O■C,Ir,0  +  Aq).  [iU] 

2  IT,'0,'Au  =  Ati^O,  +  3  ff,0.  t^"] 

To  obtain  these  reactionn,  the  solution  of  AiiCl,  should  bo  boiled  attm 
tbo  addition  of  KO-H,  and  thpn  acidiHod  with  acetic  acid.  The  pro- 
dpitoto  tlius  obtained  hns,  when  dried,  the  compomtion  of  Au,0^. 
The  oompound  Au^O  is  obtained  as  an  insolublo  violet  powder  by  dl- 
gBittDg  AuCt  with  a  soIuUon  of  caustic  alkali. 

{iAnCl-\-iNa-0-U-^Aq)  =  A<HO-\-{iNaCl  +  BtO  +  Aq).    [246] 

It  doM  not  enl«r  into  direct  combination  with  adds,  hat  tlien  is  a 
Uuosnlphits  of  gold  and  sodium  which  pUys  on  important  part  in 
pfaotography,  and  appears  to  huvu  tti«  formula  Au,NajiOji{S'0'S)t. 
Singularly,  however,  gold  is  not  piocipitoted  &om  the  solution  of  this 
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C.  TVpt*  bi*  txvn  a  fiiuatnn  aboat  tbo  CHiae  of  iIm  eotar  wMck  h|b 
of  OmiIiw  linparta  to  glaM  lad  poccdaiB  ^aw.    Oo  tlM  fifta 
««|>Ulii  llila  piiaDOOaiuti  t 
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DIVISION  XXL 

29".  BORON.   jB=11.  —  TrivalMit    Very  sparingly  tlustributed. 

Jwnys  fouud  iu  combination  witli  oxfgea.     In  boric  acid  and  in 

rious  bi^nites,  includiug  Uiu  mJuetala  Datbolita  itnd  Dajibuiil«,  boron 

,  tbc  el»;lru-uegulive  element,  while  in  Axiuile  and  Toiimialino,  and 

many  ortiliciaJ  sulU,  it  acta  the  part  of  &  basic  mdicat     Tbu  cle- 

oentary  KubHtoncn  may  bo  ubUuued  both  in  an  aiui>rphous  and  a  oya- 

line  fonn.    The  lirat  i«  nbtuaiid  by  dMomposing  bono  aohydrido 

I  sodium. 

J,0,  +  3  MrjVa  =  3.Va,0  +  B,.  [249] 

ia  an  iuAtuble  dark  brown  powder,  which  aoibi  the  &ngm  ood 
Jvea  ^gbtly  in  watez.    At  about  300^  it  hikoa  file  in  tbc  ftii 
bbnu  into  £,0,,  and  it  id  ahiu  uxidiMd  wh«it  healed  with  hu1> 
buric  acid  or  with  tlie  alkalijie  iiittnte),  sulphates,  caibonatea,  or 
It  decompoaea  niltic  ndd  even  when  slightly  concentrated 
cold. 

A+  3Zr,=0,=.S0,  =  *,0,+  3/r,0+  350,.  [2M] 

b  one  of  the  rcry  fcv  elemente  which  unite  diKctljr  with  ni- 


B,  + JWJV=2fliV: 
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IfatnoTpboua  boron  ib  heated  ist«nsety  in  a  dooed  ctndblR,  it  becomm 

(much  dfiuKr,  nod  is  tlieu  Icaa  eaaUy  oxidized.    It  diiuoIvM  in  melted 

Inmintua,  and  when  th«  molten  metal  acta,  Ui«  lioron  crystalline  in 

'  nciuare  oct*hediOD5  ($  106}  more  or  Icn  highly  modified.    Tbew  ay- 

fda  at«  noariy  aa  hard  as  tho  diamond,  have  an  adamantine  lustre,  ajid 

^Kp.  Gr.  =  2.68.    They  may  also  be  obtained  dinctly  &om  boric  an- 

^pydridf^  which  b  docompoacd  by  aliuninum. 

W  [J/J  +  JA  =  [^'JO,  +  B,  [258] 

^^  The  crystals  thus  ]>n)piu«d  ant  itometinwA  nearly  eolorleea,  but  moi« 
^pj^equently  tliey  havi?  a  yollow  or  r«d  color,  and  sometimes  the  color  is 
•o  deep  that  ihey  appear  black.  They  are  psobaUy  never  wholly 
^.{lun),  and  it  i*  woriliy  trf  remark  that  they  eomettmes,  if  not  always, 
Bicontoiii  a  considenble  quantity  of  carbon.    They  reui^t  the  action  of 
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•n  Ktdi^  tad  vrtB  of  ftued  Dhn,  but  an  oxidised  wbsti  ftand  «&k 
add  potunc  sslplwtek  It  appoui.  fram  recent  iiiTCKti^ilioin,  tint  lb 
otHsalled  gnphitoi<Ul  boron,  which  n  fennad  with  tba  <xpibik  jM 
mentionetl,  b  a  compound  of  alamintus  and  bomn. 

298.  BorioAotd.  /f/0,'J3.  — A  product  of  volcanic  MtiOB.  F«od 
in  •uni«  nutunil  wat«ts,  aud  has  been  d«t«ct«d  in  the  WKlen  of  At 
ocvan.  It  is  collected  in  laign  quantitita,  tiut  In  an  impnr*  oooilixinv 
f^om  ttw  hot  vapon  of  tlir  funuroUt*  iu  tho  Mawnnma  of  Ttaiou;. 
The  pure  acid  is  best  prepared  froin  bonx  by  Ifaa  reaction 

{Na^'O^-Bfi^  +  2  JH?f  +  5^0  +  Aq)  = 

4  //.-O.'J  +  (2  IfaCl  +  Jj). 

Tbm  hjdrochlorio  acid  abonld  be  mixed  with  a  hot  ml  united 
of  borax,  which  a«  it  oooU  dopoaita  boric  add  in  wbiba  naeraou  oj*' 
talliiM  scales.  Boric  add  is  iqinringl;  aoluble  in  cold  mtm,  bat  ^ 
•oItm  iu  three  times  its  weight  of  boiling  wsber.  It  is  dM  aahUt  li 
■Jooliol,  and  imjiarU  to  the  flame  of  boming  alcohol  %  peonliirpva 
tint,  which  exhibita  in  the  rpectroaeope  Sve  weU-markcd  gnam  tao^ 
NeithiM'  the  iu|itc«uit  nui  the  alcoholic  adation  onii  bo  nvaporatad  *it^ 
Mit  lOMi  as  the  vapoc  alwajrs  lake*  with  it  on  appreciAble  amomit  <f 
the  acid.  The  adation  evaporated  on  tumiimc  paper  chaa{^  lb 
Dolor  to  brown,  like  an  alkali,  bat  it  affects  litmus  pn|wr  Uke  cite 
weak  acidi.   At  the  temperature  of  100°  it  loses  one  molacola  of  «bW 

Thi!  compound  H^'O^B    is  called  oitboboric   acid.     The   pradw 

ffO-BO'u  frequently  iloscribedas  (be  first  antiydtide  of  ttuaad^iad 

is  called  uulaborio  acid.     If  tliis  la  heated  to  a  »LiU  hi^ier  laB[r~' 

lure  two  molecules  iinitti,  while  at  the  same  limo  they  lose  auiiL-: 

molecole  of  wat«r,  fonaing  the  second  aud  last  anhydiids,  boac  latj' 

dride. 

2  S^OBO  =  BtO,  +  fftO.  pjq 

At  a  led  heat  B^O,  fuses  to  a  viadd  gtau,  which  retnainB  ekar  ■  il 
cools,  but  soon  becomes  opetque  and  cmmhlRs  if  «x|>oscd  lo  tin  sir 
It  also  fbnns  fusible  eomponnda  with  the  ntetoUic  oxidoa,  Ubim  lb 
ose  of  boric  acid  and  the  boules  as  flnxea. 

299.  Borataa. —  It  issvidant  from  the  pnnciplaa  of  §$  S^sad  1)1, 
tlut,  bvaiilca  orthoboiic  acid,  many  otbeia  are  theoradtsilj  foaiis 
Th»:  — 
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Boric  Add, 
Diboric  Acid, 
Triborio  Acid, 
Tetraboric  Acid, 
Polyborio  Acid, 


ui 

fffoxB-o-saB-OB) 

Jf.*»0,^t(B'6!-,) 


Thmo  mnj  bo  rcganled  as  funned  by  tlie  coaleecing  of  seveial 
molecules  of  oiihoboric  acid,  uid  tli«  iJimioutiou  ttota  thin  condcnaud 
moWule  of  a,  autBcient  nvimbM  of  molociilu  of  wnt«r  t*)  «*  (kb  iho 
nuiulwr  of  oxygen  atoiua  iwfuired  to  c«ineut  Uigctltur  tlio  nUiou  of 
boron  in  thu  nisulting  radicoL  iiy  eliminating  addilioual  molaculc* 
of  witw,  wo  miiy  obtuiii  ttum  either  of  tlw  nbovo  Bcids  a  wries  of 
•nhfdtidcj  (ilistiiiguiNhuJ  lu  the  fint,  nuumd,  etc  aiibydiidoi),  uid 
kh«  nutaboT  of  possiblo  miliyiirides  iit  luiy  case  is  oquul  to  tbi'  uunibcr 
of  paira  of  tiydrog^in  ntoiiis  vrbiuh  Lli«  ouid  c<)UUiuH.  It  uiuat  ba 
undentood  that  ail  tbcaa  poniblo  formit  am  uut  rul  coin])oundj(, 
Indircd,  only  Uiu  three  already  meutionpd  have  bcicn  nctuully  pre- 
punl ;  but  thcro  ant  several  borates  whoso  constitution  is  best  ex- 
pbioed  when  we  re^'ord  them  m  mIIs  of  acids  derived  from  orthuhoric 
miid  in  the  way  just  iDdicat«d.  'tlie  most  important  of  thcM  is  com- 
non  borax,  whiuli  way  be  regarded  ae  the  sodium  salt  of  the  eeoond 
anbydride  of  tetnborie  acid. 

SOO.  Bonuc  Nit,-0,'iB'O,'B-O-»0,'B) .  \0  ffjO.  wn*  origimlly 
Imiagbt  from  a  wdt  hvke  in  Ttiihel,  and  wu  calkd  Uncid.  U  alao 
occur*  in  largo  cry«tab  in  the  mud  of  Boi&x  I^ko,  in  Califoniia,  and 
it  bss  been  found  in  solution  in  many  mineral  »priD^  and  oren  in 
minutA  qnaniities  in  tbe  ocean,  Borax  i*  manufai'tured  in  large  quan- 
tities from  tbe  crude  boric  acid  of  the  Tuscan  luKoons.  It  is  a  white 
oystaUiiie  wilt,  which  when  huated  Kivi-o  up  itn  water  of  crysttdluatiou, 
aoA  at  a  r«d  hntt  mi'1t<i  to  u  truni])an!Tit  glum,  itul  hu  the  property  of 
dmolrinti  almo*t  all  thn  metallic  oxiiirs.  Many  of  the  oxides  impart 
to  tho  glow  characteristic  colors ;  and  these  roactaoDS,  which  ate  readily 
obtainc'i  with  n  small  bead  of  borax  supported  by  a  loop  of  platinnm 
wire,  atfl  useful  blowpipe  teets.  Ii<irax  is  also  uned  for  tolderinK  metals, 
for  making  enamels,  for  fixing  colon  on  porcebiiit,  and  as  a  flux  in 
TarioUH  metoUuigical  prucosigcs.    The  ordinary  cry»tali>  contuiii,  as  abore, 


L 


BOBOa. 


g» 


lOB^O,  tnd  belong  to  tbe  moooctiiuc  STStem ;  but  tho  »)t  caa  b 
ecTiteUiied  with  onlj  ft  B^O  id  ocUbedwia  bJooging  to  tlu  immttn 

301.  Botio  CUorld*.  BCJ,,  caa  be  obtained  by  paasbg  dibn 
gu  over  ui  intimato  ntxttm  of  B/),  mhI  c&rboD,  lieatad  to  •  nd  bit 
to  aporocUin  retort. 

*/>,  +  3C+  SCt-Cl  =300  +  2  £Ct,.  [W] 

It  ts  a  Tery  Tuktil«  Itqutd  (^  <7r.  1.39  at  7'X  IxnHnti  ^  '^>  ■■' 
jrieUing  a  deiiae  v»)ior  whoto  8p.  Gt.,  ■•  fotiJid  b;  oj^Ktifflaa^i 
66.85 ;  tUddij  iotenstlog  m  wtohliihins  tbo  quantinleora  of  hm 
It  UI  nt  oiwe  docompoKd  by  irator. 

302.  Boric  Btomida.  BBr^,  preptnd  like  the  chloride,  i*  *  ««yi 
liquid  (Sp.  Or.  2.0'J),  boiling  at  90%  anil  ^^-inc  a  vapor  vhcw  S^ 
Gr.  baa  been  foond  by  expodmeot  equal  to  1 26.6.  Hocomiwail  t| 
valer  like  the  chloride. 

303.  Borie  naoride.  BF^.  ta  htat  pnpand  by  tntaiudy  hnfiqi 
nixtnio  of  BiOf  aod  Daor-^pni. 

A  colorUae  gn,  irhoae  Sp.  Or.  haa  been  found  by  ttxpc>rim«ni  kjibI  « 
34.2.  This  gas  »  ci^^T  absorbed  by  water,  -which  dissulna  ww 
htmdied  tinm  ita  volnmev  and  forma  ■  comntTe  mchl  litfidd  eiM 
lort>Jtuonc  aeiii,  whose  eonstitodon  i»  not  well  unikTrtood  Hk 
oompoaitMu  ia  that  ttraally  aaagned  to  H,  its  farautioa  win  b»  «■ 
pfeawd  by  the  nactioD 

2jB/;  +  3J560  =  «/),.6/KP.  piq 

Tbfl  same  compoond  may  be  abo  prepaiod  by  dwolrin^  8,0^  s 
HF+  Aq.  and  th«D  coDccntiating  the  aotutton. 

If  bOTOdDOtic  add  is  laigely  diluted  with  water,  one  borth  d  Iki 
boron  aeponitca  ia  the  fonn  of  boric  add,  and  tbei«  is  loft  in 
what  hiu  boon  odlod  hydrofluoboric  add. 

{i{Bt0^.^nP)  +  Aq)  = 

iff,'0,^B+l6(irF.BJ^;t  +  ^S/)  +  J^    [Ml 

Hydnfliioboric  acid  fonos  salts  with  boac  radioab,  sud  tha  tna^wa' 
with  potassium  may  be  formed  by  the  actioii  uf  bono  acid  on  a' 48* 
wlutiou  of  potassic  fluondo. 
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(iKF+  2  ir^^O^B  +  Aq)  =  2IJCF.  BF^  +  i&K-0-n+  Aq\.  [263] 

S04.  Boron  and  Hydiopn. —  If  ningncsium  boride,  ]>n»piu«d  b^ 

Belting  B^ff  witli  twice  it«  weight  of  rafl^itcBium  iliut,  is  treated  with 

bTdrochlvric  odd,  a  ^  i«  evolved  which  ig  a  mixttm  of  a  corDpoimd 

bon>n  tnd  bydngen  with  a  loi^e  extxm  ai  hrdrogsa  gas.    Tliis 

otide  of  tij'drogen  reterablee  io  manj  of  its  pmpeiiiet  the  ameuida 

jaatiraonide  of  bjdnK<^ii,  aitd  ila  symWI  ih  probabl;  BH,,  but  it 

I  not  yet  been  ubtoiiied  iu  n  purn  coiulilivii. 

30.5.  Cbxractetlstlo  RsaoOona.  —  Tha  poouliu  gxtoa  color  which 

acid  inipartx  tn  nn  alcohol  or  blowpipo  floioo  U  the  best  iiitUcft- 

.  of  ilfl  prE«I:'nc^  and  this  tiwt  is  mftde  still  inoie  decidve  bjr  analjrx- 

;  the  coloreti  light  with  the  ajivetroecepe.     The  add,  bowerer,  must 

be  set  tnb  befote  tbo  maution  can  be  obtained,    lu  xuaay  of  ila 

I  boion  remublM  caib^n. 


QtTESnOira  AND  PROBLEMS. 

1.  Wrile  the  reaction  of  lutphnric  ndil  on  a  eolution  of  borax. 

2.  What  tii>X  can  b«  appliiid  tu  delcnoiue  when  an  exiceta  of  siiliibuHc 
Bid  ha*  bcca  added  I 

3.  Define  an  ortho  acid,  rrgnr^ing  orthoboric  acid  m  a  tTpe  of  the  daaa. 

4.  TAakt  a  table  *hawing  iKc  raktioiu  of  the  yaiions  poaiible  denTativea 
~'  boric  acid. 

A.  The  nmpiri<al  sjmbol  of  boraclte  b  Ut/gO^B^.    What  i*  ita  mtional 
ubol,  nnd  nbat  i»  ita  relation  to  the  urlhobontua  I 

0>  Doric  «alpbid«,  BtS^,  niajr  be  pnpoieil  bj'  pauinii  over  a  mixture  nf 
on  aitil  boric  uuhvilritle  the  vi^Miir  ef  cubaniu  dLiiul)>IiiJc,  CSf.    The 
■iucU  are  S  tiiS,  and  6  CO.    Write  the  reaction. 

I  7.  Boiic  tutphido  i*  readily  iloeompeetd  bjr  water,  fffitig  borie  acid  and 
l|>butvtt«d  bTdregen.    Write  the  reaction. 

8.  In  reaction  [357]  what  dmililc  aSnilica  are  colliid  into  play  1 

\  0,  la  what  revpect  do  you  ftnd  reaction  [S63]  reniotkablel 

Id.  What  vTidcuRc  do  yon  find  of  the  prevailing  qnantiTaleno*  el  benml 
_Atc  tbcK  uay  focu  which  would  iodicate  that  botoD  m  ^uinqiuvakiit ) 
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TTTT 


y=  U.— rn4r  tanimak,  hot  akavin 

r  tbsattDo^ibcn;  bitt> 

(^''^iVBAWbviftiiatMait  exdnsroljra* 

t  af  soiBBl  tknies,  wUei  b 

tofnaaj'inipoitant  nf«MI 
^  A*  rihwtiwij  Dorapoands  aud  d\k 
>  ii  BKbd  hy  WMk  amnitiee,  uirf  k 
,  w  is  innrtftod  by  the  irnUlMi 
itvAngr. 
aOC  a^^pB  Oifc  Tr  colilBtei  four  fifths  of  Ibn  vohuM  (<* 
i^Mffki^  mi  tarn.  i»  ifmiiii*  ia  »  para  coodilioo,  —  Fn*  I| 
d^i^  ^  n^4^  b^nny  plwfhnrui  ia  a  confinod  viJcuim  «f  ■ 
SHoaAf.  ty  faatig  air  ow  ^putad  copper  tamings,  wbkh  o^i* 
«tt  Am  asnn.  TknOj.  Ij^  yamve  chlociDe  gw  ihnmgb  a  nIoM 
aTMM^:— 


nitrite  or  a  mixture  oT  poteme 
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Araordiug  to  R^gnaiilt,  oue  litn  of  nilmgon  {^iw,  aadn  rtaa^] 
eondiUoDJt,  weif^s  1.3;»6167  gnunmos.  It  U  minaiiabi*  for  iki 
IMM,  Mi'l  ow>  of  it*  cliicf  o6iio»  in  the  stiiKisphnrQ  U  lo  nmiaik  fe  { 
action  of  its  violent  amotaaio.  The  only  ^U'montaiy  m^HtaMa ' 
which  it  has  bran  obmrred  lo  conbiiw  dim-cUy  atu  magncRim,  bi«  I 
raaadiuin,  and  tilanlam.  y«TeHli«l«aa,  nitrogen  has  a  giMl 
for  coDhiiiitliiin,  and  in  dirtiii^iliibnd  hj  the  largv  tiQtabv  tad  mW  I 
nattiRi  of  itfl  compoondA ;  but  tliwB  can  only  be  fureied  (7 : 
mothoda, 


KTTBOGEN. 

■i 

OxUu  of  NiCrecen.* 

y^O           IIjrpuDilioua  Add, 

ifo-A 

A'O 

ni 

A'}0,            Kitrous  Add, 

B-O-NO 

trOt 

Y 

y,0^            Nitric  Aoitl, 

JfO-NO, 
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IXitrogon  Monoxiilc, 
Nitrogen  Dioxide, 
Nitrogen  Trioxide, 
Nilroften  Telroside, 
Nitrogen  IVntoxide, 
[    308.  If ItrlQ  Add.   /fiVO,. —When  oloctricaldischaisM  are  puwd 
throngh  nir  which  i»  in  iioiiUict  with  caustic  or  carbonated  alkaliei^  or 
wlwn  otpmic  niatt«r  ducays  tn  the  atmosplwre  under  the  wmo  con- 

Kitit>us,t  a  partial  union  of  tho  «l«incuta  of  the  atm<if]>her«  takct  plACOi 
id  nitnttiM  of  potA«sium,  sodiuni,  or  caleiuia  nro  the  usual  losult. 
rom  «ithuT  of  thwie  nativt-  nittute*,  or  nitrer,  the  Acid  may  b«  ob- 
tained.    It  in  u.iuully  |in>]MinNl  li_v  di«tiIIntion  {torn  a  nistura  of  sodie 
^-nitrate  (i  14?)  and  sulphuric  acid. 

■  Na-ONOt  +  UfOfSO,  =  ir,Aa-Ot-SO,  +  H  ONO,.      [2(tC] 

BOno  molecule  of  ttuli>lmrio  add  iit  adoquato  to  decompose  two  mole- 
eolee  of  nitre ;  but  tho  tninpcnitiicv  n^uirod  is  then  much  hifjher,  and 
the  nitric  aciit  is  in  part  dcconiposed.  The  strongeit  acid  tliUB  pra> 
pared  is  a  colorless,  fuming  liquid,  boiling  at  86*  and  freezing  at  —19'. 
Its  1^,  Or.  =  1.5S2  Ht  20^     It  is  unstable,  and  ia  partially  decom* 

rsod  when  e«pr>se(i  tt-  tlie  light. 
iHO^XO,  =  2HtO-'riNO,+  0-0.  [267] 

Tlw  remaining  acid  is  thus  diluted,  while  the  nitric  peroxide  colors 
it  yellow.  A  similar  docomposition  lakes  place  during  the  diHtilla- 
tion  of  llie  acid.  Tbia  decomposition  continues  until  tlie  brdmto 
2ffA'0,,9ffiO  is  fcinncil,  which  is  far  more  stable^  and  ditttils  un- 
changed at  ISS",  Thi#  \*  the  coinnion  strong;  nitric  add  of  oominerce, 
but  it  ia  not  a  definite  compound,  Ihn  composition  varying  with  the 
praaaoie  under  which  the  acid  distils.  A  still  weaker  add  is  mnch 
tued  in  tiie  arts  under  the  name  of  aqna-fortia.  The  stren^tli  of  the 
Kid  may  be  deturjnined  from  it^  ti|>ecilic  gravity,  by  mcana  of  tahlo* 
prepaicd  for  the  pnrpom. 

'  Id  til*  abMnto  of  «ny  definite  knowledgB  to  r*eiird  to  tli>  ino1(<culu  structare 
rttie  oxiJtM  of  nilrojlrii.  Wo  cannot  nn  fnora  rif[niflcant  iinuiiw. 
t  It  bu  l«Mi  ri'ii-Utnl  prohnbl*  by  Rcent  invettigaticm  that  nitrifintion  Is  a 
Fnrirtv  of  (FnuectaiiuD,  coniiucted  witli  tha  life  <if  eertun  lower  orguiiaiias  In 
>*aiL 


ni 


!.«• 


UJ3 


»•■  t^i 


«aij  tarn. 


STUJTl, 


ta  lEDoirD.    ITlfti 

4Bi^^  idiA^  OB  wimtm^  tm  tks  csm  m*y  ba.  Is  4» 
.  fa^il  n^  aifi^  sxiiia  ■  •mhrwl ;  but  ttw  pniM 
n  axttat  with  ilm  -«^ti**™**  itf  tlw  axjiehsMkl^  al 
fc«t^ihrlteili>ii1  dwpls.  and  bI»  ta  [Itt. 
387^  jBHttKiis  til*  Aflbwt  pbaoM  vfaicb  Un  ra» 
IHhEie  MftI  MHDdH  SQ  (HgUMI  ttHoa 

viCov  ^wbiMir  tfinidi;  aad  coalie  aad.     Wlm  aon  A^Mt,i 

Thj  Mnag  ailaE  wad.  wtan  nuzcd  with  •toong  aotpbnrii 

I  MM  ■■gMJI  lllfWIIMh  ill!  MIJ  IWMlllllllll   MIJ       tl 

t  Mon  MdMc  of  bvdiBMtt,  aad  MilMtitBtM  an  coral  nitnite  rf 
of  Oanfital  jr(\'ni  tUr  plM. 


g^ + fr  o-jTfl^ = g|g;(;yffl  •*-  B^ 


P^l 


Vilii  the  TmriwMb—iit  feroaliy  d— of  impt»tant  ahai  As 
Uu  mlkaJ  ia  narraknt,  tbaea  whs  han  tfaa  goMrml  sjiobiil  k-  OS% 
Vbea  tb«  adicsl  h  bmlent,  Um  gtoenl  fominU  bocooM*  K<i^S(^^ 
or  »OtSfi^.  Sahi  «(  IhoM  ^pes  ais.  in  tin  tmliMiy  t»  rf  lb 
tcm,  the  namMl.  orotibo  tittalM;  but,  Iheonticalljr,  oitngoiif  ^ 
Mo  of  Cxiiig  fivB  nninlifnt  ndkabt  bimI  hBoca  Ooidb  rbnniwlii  q^ 
the  ■■unn  il  compoaiMl  U^O^  u  orthonitxio  m^  aiuI  Wu  <i(  uri 
tjrpo  M  ntboaittatM.  %  climiMting  &i>m  tbis  octbo^dd  fim  • 
«td  tlna  two  taokcules  of  wat«r,  we  obuia  Ibe  fbUowing  aafajidalk 
tik»lait  of  whkh  ia  Ibo  onlinuj  udi :  — 

Oitlianttric  Acid,  R^O^.  or 

VetMiitric      '•  JfyO^'NO,       or 

Dimrtanitric  "  IfO-S(\ 


Salts  ar«  known  whose  symbols  tna^  be  wnttan  ab  aU  t^«  ;5(<^ 
but  llvej  uuy  aUo  bo  written  on  tlie  i>niiBaT7  ^rp«  as  mlL    Ita^ 


( »u.] 


HlTXOOiat. 


4$7 


H^BSOJjr  or  Bi>0,*}fO,.Il, 

Such  dutinctions  am  of  do  practical  importance,  but  (hey  an  at 
value  in  pointing  out  th«  many-dded  ralations  of  our  subjocL  VivAct 
no  condition  doe»  jiotaaaic  hydmlo  form  ntoce  than  one  nit  vith  oHne 
ftcid,  and  tbo  important  theoretical  beariitK  of  tlii«  likct  u  ovidaat 

309.  Nltrogiaii  Pentoxlde,  i^,0,,  tlio  anhydride  of  nitric  add,  nay 
Im  oblaiiiml  by  piusinj;  dry  cliluiine  g>»  ovat  dried  Ugentio  Dttnte 
ti«a«d  to  95^ 

i  AgNO^  +  2  Cl-a  =  4  ^^CT  +  2  JT,  0,  +  O-  0.  [269] 

It  i*  a  vhite  aolid,  crystaUiiing  in  primiB  of  tlra  fourth  ayttUra,  mcMng 
•t  2D°.5,  aod  boiUiig  ut  Ai".  V«ry  uualable,  uuilufioiiig  KpaataDooua 
deooinpoaitioD  in  a  koImI  i;la«a  tub«^  By  the  action  vf  water  it  fonu 
nitric  acid. 

^,0,  +  /f,0  r=  2  tf.VO,.  [270] 

310.  NiUona  Add.  /t-O-XO,  U  not  known  in  t)i«  pun  BUt«,  and 
i«  aijtieous  soluliim  npidly  undergoes  (k^ompnsition  when  diluted 

warmed.    The  aalu  of  thi*  add,  bowaT«r,  th«  mtrilet,  are,  on  the 

tiaiy,  very  stable  bodies.     They  may  be  fonaed  by  tbu  action  of 

add  Qiwa  hydmtes  or  oxidet^  but  more  roodity  by  the  reduction 

tlie  nitntcA    Tlius  pot^iuiu  nitrite  b  prepared  by  fusing  nitro  with 

lie  lead  or  copper.    Kitriics  are  found  diwolvrd  in  nntoral  irsUra, 

animonic  nitrite  <^xi8ts  at  times  in  minute  qunntities  in  the  atmoa- 

tAxn.    Ar^'^nUc  nitrite  b  difBcnltly  eoluble  in  cold  wnter,  and  is  pre- 

:pitat«d  when  att^otio  nitrate  {h  addml  to  a  solution  of  an  allcallno 

litritf.  If  not  U>a  dilute.    This  rtnHicm,  snil  the  ovolu^on  of  nxt  fiimm 

treated  with  dihite  acids,  iwuUly  distinguish  the  nitiitus  from 

lite  nitrates.     Compaia  also  $  313. 

311.  mtroEMi  Triozide,  ^,0,.  is  tl»  anliydride  of  nitrous  acid, 
wl  pivparvd  by  llie   at-lion  of  dilute  nitric  acid  [Sp.  Gr.  1.2S)  on 

Ib  also  funned  in  the  ftdlowing  reactions  :  — 

At,0t+2BXO,  =  J<,0;  +  A',0,  +  11,0.  [271] 

2A<rAg+fifiyO^=iAgIfO,  +  y,0,+  Sff,0.  [272] 

4  SS'5>  +  tKD  =  2  .V,0,.  [273] 


H» 


Ib  Msh  OM  tMniuuL  mJ  fimv  an  IbniMd,  whicli,  at « lav  1a- 
fmata»,  teHBt  (mJwirl  into  ■  mj  TobtU*  blue  Uiitad,  boilii^  « 
■bn*  0^.  Whh  •  ^hD  quaalfty  of  «at«r  U  jrialda  mtiwu  mi, 
B-O-XO,  bol  k  luge  qoutitjr  at  obm  daoampcew  U. 


3*V,0i+^O  =  4*VO+  2uyo,. 
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If  the  »d  npor  is  pwnd  tido  a  aoliition  of  polusic  fafdntt,  m 
obtda  potase  BtttBi^  aad  in  a  nniOar  vay  ottivr  aitritn  nuf  h 
made. 

(S  rOfl'+  J«)  +  .no.  =  (2  AT-  O-.VO  +  Zr,  O  +  ^5).      [3»] 

AooottU^  Id  Uw  ibmny  of  tba  h«t  aectioii,  ordinarr  nJtnma  adi  m 
tlw  first  aalTdridaar  bb  atramed  add,  B^O^If.  Tliia  wooU  Im  oM 
ortbeaitaMa  aeUt  aad  Um  onliiiai;  acii)  woq]>1  thea  be  mata&itna 
toA,  Tba  eompcnnd  P&^O,^^,  actording  to  this  Tivw,  n  plmaMi 
Mtitotiitrite;  bat  it  may  be  aba  te^oded  aa  a  triplurabia  nittita  cf  tb 
ordinarr  (rpe  {Pij-0-Pb-0-PhyO,-{SO),. 

312.  Brponiuotu  Add.  BO-N,  bu  iml  boon  isolaUd,  bit  d* 
potatnuiB  salt  u  fbnnod  bf  the  actiiua  of  sodiam  #iHMilgnni  oti  1 1^ 
tioD  of  potnaaiiiBi  nitnbj. 


E-O-NO-^-  H,  =  ATOAT+^a 


[OTJ 


Od  nentraUiing  with  acetic  acid  the  tolation, — lendared  alkilia 
bj  the  NarO-H  formed  at  the  aaaw  tinui,  —  and  Lh«a  lulduis  *il^ 
Ditnit«,  n  fclloir  and  almoal  iiuoluble  precipttalo  ia  obtained,  vU 
ia  Ag-O-K 

313.  Nitrogen  Monoxide.  3'^0.  — Thia  compaond,  rMnmr'lj 
called  Bitrooa  oxide,  ia  best  [irvjxuwl  hj  ffsaxXy  heating  aaaem 
nitrate  in  a  glaas  Qaak  or  r«toit. 

It  may  alM  be  obtained  hj  expoaii^  nitrogen  dioxide  gw  to  tlw  idH 
of  moistened  iron  filiDgs,  wbich  absorb  oiut  half  of  Uio  oxjrgeB. 

It  ia  alao  «Tolved  when  zinc  diaeolrea  in  diluto  nibie  add,  or;  ■<■ 
aiin-ly,  when  a  mixture  of  equal  porta  of  nitric  ami  aulpluuk  uit, 
wilb  eight  or  ten  parte  of  water,  is  umd  for  discing  At 
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{ign{S0;j,+  6ff,0-¥Aq)  +  N,0.    [279] 

Nilrugen  monoxido  ia  a.  colorlcw  ^a  (Sp.  Gr.  SS),  which,  by  pr««*- 
UN  odJ  cold,  majr  be  condeuaed  to  a  colorleaa  liquid,  boiliog  at  —88' 
ukI  fraodng  bjr  its  ovu  evaponlion  at  »boi]t  —101".  It  u  Iwa  *UbIo 
Uuui  nitric  oxide.  It  ia  docompoced  by  heat,  &&il  all  coiul>u»tibl«* 
bam  ID  it  vrith  iMurljr  tbo  lumo  ix-odinitu  luii]  brilliancy  lu  in  pun 
oxjrgon  gas.  \Vlian  pun,  it  can  bo  itiliakd  without  <i4kiigcr,  luid  is 
muoh  used  aa  an  mucetheUc  agent.  With  aomo  patieiiU  it  producw  at 
find  a  InnaiflDt  intoxtcAliou,  attended  at  tiiQea  with  UDContToIlabte 
Iaiiglit«r.  Honco  llie  po|>iitaT  iiiuti«  of  Uaghing-gna.  It  maiiifiwU  no 
loftd^'ncy  to  uiiitu  with  niom  gxy){t.-ti.  It  is  Holuble  in  walor  to  a  lim- 
ited oxt#nt,  ukI  to  a  tnuoli  grxat^r  dugnio  in  uJcvbul.  At  0°  one  Tid- 
nme  of  water  diaBolrw  1.3  voluaioa,  and  on*  voliimu  of  aluohol  1,18 
Tolumes,  of  thin  ga& 

31-1.  Nltiocen  Dlozldo.  A'O,  couiuotily  called  iViifi-te  0*iJe,  ia 
boat  ptvparcd  by  tbo  uctiuii  uf  diluto  uitrio  aokl  {$/».  Gr,  about  1.8) 
on  copjwr  tuniii^pt. 

{3Cuiy0^t+*BtO+A^)  +  iJfO.    [280] 

The  raaction  appoon  to  conaiat>  Itnl,  in  a  inetatheais  of  the  metal  with 
the  hydrogen  of  the  acid ;  and,  wcoiiilly,  iu  the  reduction  of  a  further 
pottion  of  the  acid  by  the  hydrogeD  thus  libent«d.  In  order  to  obtain 
a  pare  produ<:t  it  is  important  that  the  add  cliotild  )>c  in  excess.  Ni- 
trogcii  iliosiilu  may  alto  be  obtained  porfbctty  pare  by  heating  together 
n  mixture  of  fvrroiM  elduride,  uitiv,  end  hydrochloric  acid. 

(IJ  FtC\  +  2  AWO.  +  8J/CI  +  Aq)  = 

(3[/-cJC/.  +  2A'CT+4/r,0)  +  2^0.    [281] 

A  mixi'iw  of  fem>u*  sulpliale,  nitre,  and  dilute  sulphuric  acid  {Sp.  Or. 
1.18)  luiiy  alM  be  uaed. 

Kitrtc  oxide  i<  a  colorUas  permanent  gBa  (Sp.  Gr.  =  Iff),  but 
djgbtly  solubto  in  water  (one  volurae  of  water  diatolvn  one  twentieth 
of  a  voltune  of  NO).  It  cxtingiiiatiM  a  burning  condlo,  but  botb 
phoaplwruR  an<l  charcoal,  if  burning  vigorouHly,  continue  to  bum,  and 
with  great  tntansity,  when  plunged  into  Um  gsa.  It  \»  the  moat  stable 
«f  tlie  oxides  of  niUogon,  and  is  not  decomposed  by  a  ted  beet    It  is 


^  ■ 
...it'll 
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' .  nth«r  roartionti  of  nitric  ftdd  00  lb*  anaUb,  tho  mun 

<r  kw  niixol  with  othor  oxidn  of  nitrogwD. 

I  -^rides  of  Nltiogmi. —  If  in  iwtction  [243]  no  gold  <a 

I  pr«9ent  to  uiut«  with  the  chlorine  eTolvtd  by  Ihu  M|ua> 

al  eombinoa  with  thd  uttnc  oxide  ttet  free  at  tlie  nmo 

I  chlorine  gas  ve  obtain,  as  prodocts  of  tho  tcuction, 

vhidb  we  may  call  uitiuus  oxjchlorido  or  nitnxfl  chlo- 


tWl+Aq)'^(ifftO+Aq)  +  yOCl  +  Cta.    [288] 

ducts  of  this  n»ctioQ  >n  cooled  by  a  freeiing  mbctoiOi 

Ijqtijd  i«  obtained,  boiling  at  — i  *,  whicb  appears  to 

:  of  fiw!  chlorine  and  nitrosyl  cldoride  iii  varying  [iropor- 

f  the  same  products  uv  paMed  into  strong  aulphnrie  acid, 

irliloride  is  ahaorlH^d  whil«  Ui«  chlorino  escapes.    Then)  is 

i^,yO•S0^,  and,  if  this  nitrosyl  Bulpfaato  is  heated  with 

foci  w  evolved.     Kitroayl  chloride  can  also  be  obtained 

nnion  of  nitric  oxide  and  chlorine.     It  is  an  oraogo- 

tthich  readily  li<|u«Ges  wbm  eooled  by  a  f^>cring  mixMro. 

itid  baa  a  deep  orange  color  and  bolls  at  — S°.    Then  is  also  a 

1  biomido. 

''ani  Chloridt,XO,(H,  is  obtained  by  acting  on  phosphorie  oxy- 
tocia with  plumbic  nitiato,  — 

3  Pl{NO^  +21'0a,  =  Pl^iPO^t  +  6  *VO,CT         [289] 

compound  is  a  hearyyeUow  liquid,  which  boils  at  B*,  and  is 

-raposed  by  w^lrr  into  nitric  and  hydn-clilurit  mi.I*. 

Ml7.   Compoonda    wltb    Hydroien.  —  Ammonia    Oaa.    NH^. — 

TTigen  and  hydtogen  gaaos  will  not  directly  combine ;  but  through 

\:\>i  in<IiT(«t  methods,  not  well  nndenilood,  this  union  b  constiuitlj 

lit,'  place  in  natute,  and  ammonia  gu  is  tbe  chief  product.     Thia 

w,  or  some  one  of  itn  numerous  compounds,  is  constantly  foroed 

konever  an  organic  substance  decays  or  is  charred,  as  in  the  proccas 

'  dry  distillation.     It  la  also  fonwxl  in  many  chemical  reactions  when 

tm},-i-ti  and  hydrogen  atgcgs  are  brought  together  at  tho  moment  of 

ismical  ciiangv^    Thus,  when  a  mixture  of  nitric  oxide  and  hydrogeti 

is  psMcd  over  Iieatad  platinuia  sponge^  we  have  the  toKtion 

[290] 


iSO-^iH-UsiB.O'k-i  il£k. 
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So  tlso  vlieo  uitric  aoid  b  Mld«d  tn  very  auuii  qtiiuititi(«  nt  a  time  to 
■  mixttiro  uf  tiiii:  unit  itiluu  hydrodilorio  muI,  frum  wliich  Jij^ln^ 
gaa  is  Uiui^'  slowly  flrolvedf  w«  bav*  Um  mGtioii 


/i^O.  +  i/fff  =  NH,  +  3//,a 


[2M] 


But  the  auuBonui  thus  prodnced  iinitos  nt  oooe  wiUi  the  bydiooUgrfi 
add  piMont  to  form  amnionic  chloride  and  in  a  MiuiUr  way  unmv 
alum  aJtfl  an  fmiitt^ntly  furmul  to  a  Uuitvd  ucUxit  whon  noe  ud 
»iniiliir  moUilH  am  dtiuotri.il  in  nilrlo  acid.  Pmctieallj,  wo  alwap 
prcpan.'  aiainonia  gaa  from  tbo  comnMrcul  aauuanic  chloride  hj  tbf 
reaction 

It  b  a  co!ot1«m  fipa,  ro  light  (9;i.  ®t.  0.S91)  thnt  it  oan  bo  cd- 
Icclnl  in  Ml  invortod  Iwttlo  by  dixpUcvUMM.  By  )>innnre  and  ebU 
it  may  bp  rMdily  condciiMd  t«  a  ti<iiii<l,  which  buUs  at  — 38^6  aail 
froeiws  at  —75°.  'I'ho  ovflpomtion  of  tJM  Itqitufiod  ){u  ia  attmided  with 
great  reduction  of  temperatura,  aitd  this  prindplo  is  appUcd  in  th* 
apparatmi  of  Carr^  to  the  artifieral  production  of  cold.  Amunnia  Ini 
•  fomiliar  pungent  odor,  and  ia  useful  in  modicine  aa  an  imlant,  tat 
when  pure  it  is  wholly  imepirahlc.  It  is  iuoonibualible  in  air,  bol 
burns  in  an  atmo«])h«ro  of  oxygen,  yiidding  aqaeooa  vapor  and  niW- 
geagsjL 

Tba  composition  of  anLmonia  gas  may  be  thus  aeoertained.  Tst, 
by  passing  a  series  of  dectrical  diachar];os  thnragli  a  confined  volot 
of  Ibe  gas  in  a  eudiometer,  the  vidnme  douhlu. 


2ffJ3;=*vor+3ff-ff 


[2M] 


If  u«xt  w«  add  to  this  ptoduct  one  liolf  of  its  volume  of  oxTgen  ptt 
then  explode  the  mixtuR^  and  mbaequently  rcniare  with  pfn^dlk 
auid  the  ruidtuti  oxyj^nn,  we  sliall  find  that  the  volame  of  Uttn^ 
gOM  TDBuining  in  the  tabo  b  exactly  one  hnif  uf  the  tdIubw  of  the 
ommontA  gas  with  which  wu  started.  Secondly,  if  we  shake  up  in  • 
cudtomotor  tube  a  moosurod  volnme  of  chlorine  gaa  with  a  w«k  «ito- 
tion  of  aqua  ammonia,  takijig  care  after  the  reaciiuu  b  £nisli«]  to  eSfA 
by  lical  all  the  nitnij^n  from  tlw  li<|uiil,  it  will  be  toauA  th»t  the  nt- 
umo  of  diloriiie  liai  been  replaced  by  ona  third  of  its  toIubb  of  aiin^ 
gnngas. 

With  otJorod  tost-iiaper,  ammonia  gas,  even  when  di7,giTee  a  Mmg 
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tioii|  Mid  it  directljr  ocmbinea  with  sevvnl  of  tli«  acid 

'TbeM  uuimportant  compounds,  howeTer,  must  not  be 

with  the  iuiiHirtiint  citaa  of  Knunonium  aUle.     Id  port 

^pond  to  lh«  uuiidiM  mentioned  below,  but  tbe  eam|kutiuii 

(n  nut  WL'U  uuili-mludd.     The  Lut  am  frv^ueulljr  ciJIe<]  tun- 

^4nd  of  tlir'iii>  sulplniria  ammonido,  (JV'A^ .  SO^,  niil  Mm 

aple.    Ammonia  gns  forms  also  equally  anomalous  com- 

coanj'  anliyJrous  metallic  salta.    Thus,  argentic  and 

abiorb  large  voiumes  of  aiuuiuuia  gas,  forming  what 

r>i  1m  moleculai  compounds,  AyCl .  2  H^  and  CaCft .  iJi^y, 

u  tlte  aiauioiiia  Mcuut  to  ]ilay  aoniowhnt  ttie  aune  part  as  wat«r 

jtltimlion  in  ordinary  salts.     But  by  fai  the  most  important 

ammonia  is  its  puwor  of  combining  directly  with  miter  and 

)ia  acids,  OB  such,  to  fonu  tfaa  lac^  class  of  ammoniom  sall«. 

Bg  th«ee  compounds,  however,  uilrog^u  clianges  Us  quanti- 

and  it  will  Iheiufor^  be  cuuvmiiejit  to  class  them  undtr  a 

'it  bead.     Wben  ammonia  gas  comes  in  contact  with  the  fumea 

''>latite  acid,  thu  formation  of  tbe  ammonium  aalt  gives  nsu  to 

>n  wbitc  Mtiiuki-,  which  is  one  of  Uio  ia<ut  cluuactoiittia  l«sts  for 

,  Amines,  or  Compound  Ammonias. ^Ammonia  gas  Is  tbs 

I  large  dasa  of  cum|xiuii(ls,  utuat  of  them  volalilo,  in  all  of 

ogen  is  trivalont     These  compotuids  may  be  regarded  as 

t  ftom  one  or  more  molecules  of  ammonia,  by  teplaoing  ths 

an  atoniH  nithnr  whntlj  or  in  part  with  rarious  positive  mdicals. 

Ijng  as  they  are  fiuliioncd  after  the  type  of  om,  two,  throe,  or 

t  nwlectitiM  of  ammonia,  tbcy  are  called  monamuiea,  diaminiw,  otc, 

buy  are  dislinj^uisbed  as  primary,  secondary,  or  tertiary,  accon]- 

oae,  iwoy  or  three  hydrogen  atoms  in  tbe  monauiines,  or  tbo 

Doding  groupi  of  stoma  in  tlic  [Kilyamines,  have  bean  replaced. 

Day  nrprcsent  the  typo  of  ammonia  iis  in  tlia  tulile  bdow,  irbtch 

I  the  symbols  of  a  few  of  tlio  compound  ammonias. 


McMMualaw. 


SeemdaiTf. 


(?,«) 

'W 


DWttJkvim*.      rMB7V*ftijV«ntn*- 


TfTtisry. 
Cff.) 
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DUntlnes. 
Primay.  Teniarj. 


^1  _//.)  _     <'V/,^ 


Many  of  tba  suimoniated  compooiids  of  the  metaia  aivr  ha 
under  thn  umo  typo.     Tbiu,  when  {MUaKium  u  liuaUil  in  ilrj 
nU  gns.  an  olivs-gnwn  compound  in  ftimi«at,  which  biw  tiis  oonpnaM 
KJUhX;*  and  oth«r  Mcampka  will  Im  giron  hereafter. 

The  ainlnw  an  all  baaie^  and,  Uk«  aimnoiiia  gaa,  eomlno  ifan^ 
with  adda  to  furm  aalta ;  but  this  chamcUir  U  the  JtNS  alraniclr 
in  proportion  lui  the  liydro^D  atoms  have  beeu  ivplacmL  TbaitdA 
organic  baao  bcloiis  to  tli«  aame  clua  of  eom|>uun<)a. 

SIQ.  AmUUa.  —  Tho  ntomi  of  hydrogen  in  ammonia  ^mfW 
nplaced  by  uegatirc  aa  vitAX  aa  hy  pOAilivo  nulicoU  ;  I>ut  tiim  M»f 
duot,  instead  of  being  baaic,  is  either  neutinl  or  ««id.  Tbeae  omapw* 
ne  duatfied  sod  named  like  tlw  aminw,  bat  with  fuw  otxcifitkat  o^ 
one,  or  one  set,  of  the  hydrogen  atOEiu  can  bu  Lhua  leplaead.  ' 
following  aro  a  few  exaiuplcd  :  — 

Uonamldea.  Olamldea. 


Th«»o  compound*  may  aliio  be  t«featded  «b  formed  fay  the  ubiod  rf  ii 
compound  radical  amidogen  (^^IT)  ^th  the  acid  ndtol,  unl 
lh»  name  amidra.  Tboy  differ,  tli«a,  from  the  GorrespotKling  tainw^ 
in  rontatning  amidogen  In  ploee  of  byilroxyL     Thosi 

B«-  Cff.O  SvCO  H'^C,0,  a^cjiA 

Auaiuia,  cutaBicacM.  otJuAsu.  aJ^Hik 

H^O,ff,0        {Ry\fCO        (H^V)j.C^O,  {B^y\-c,BA 

ThMO  ami'k«  nrK  all  neotnl ;  Inil  If  in  the  dibaak  ecid^  v*  nfi* 
only  one  of  tho  Menu  of  bydiosyl,  it  ia  evident  thai  we  iftaU 

■  Thu  compooad.  altboo^  an  aniM  M  b«ra  rlnrtflpj.  haa  d«^  hm  i 
Poi 


jaift] 
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ue 


doBf  of  outdes  still  containing  an  atom  of  basic  hydrogen,  wd  niilcb 


no.H^co 


DncelnuUAiM. 

Lastly,  if  in  take  im  odd  Uko  lactic  acid,  ffO,H(^C^,0,  or  glycolic 
»etd,  IIO.HO-C^ll^,  which,  tUthough  dintomic,  u  only  monobasic 
([  44),  we  can  obtain  from  cocli  acid,  at  least  lheoniticall}-f  two  distinct 
uniilm,  oocordiiiy  ai  we  replace  tbo  baric  bydingeD  («)  op  the  alcobolic 

b}^r()(ci-n  {H}.  Bee  {  44.  The  fint  will  \»  neutral,  tbe  wcond  acid ; 
tet  although  several  i>f  tbu  acid  omidea  are  known,  Uto  only  neuttal 
unidc  of  this  etnas  wbteh  hoa  been  inrostifjatud  is  that  derived  from 
betic  acid. 


iMMl 


BlTiil«Mi4«i*gilj  «r  UljruKiL 


From  th(t«o  Yarions  amidca  a  lar^  nninber  of  compounds  may  be 
(larived  by  Rtplacinf!  the  hydrogen  stoma  «ilbst  <X  the  amidogea  or  of 
0M  Kcid  with  diffi'retit  compound  radicals.  Tliu  following  ata  a  (uw 
plea:  — 


{C, 


IM* 


C,OA 

IMMIlfl'UIIDid*. 

HO-CJLO  \ 

LwlMh^lainldf 


{CA)0-C,H,0 


%" 


I  last  two  compounds  are  isomeric,  the  only  difforenoo  being  that  in 
llie  fint  Ih^  radical  ethyl  replaces  an  atom  of  hydrogen  of  the  amido- 
^n,  whilo  in  the  B.>cond  it  niplacni  Uio  alcoholic  hydrogen  of  the  Lie- 
ttc  arid.  Tlini  th<-rr  is  a  n«l  diffMviw*  between  the  two  is  proved  by 
1  fullnwiii^*  ft?action8  : — 

tfJ^'+i^o^=A-,^,>o,^.o+//J^■  [29*] 


'%■ 


if) 


r*MHIcLwlUr 


I}' 


[«5] 


•  Hb  Mdd  ku  Dot  bean  isolstcd,  bat  tha  unmoitlc  salt  la  >dl  known. 


tti-i  »  *  ■«;  irop-  Ttipt  iw 


":3    f  -.-Wis    3  li  C  -^tU   T:r>iisT¥T<--»l  1'"  -■    ' 

m^  a,.r    f  =ii>%At.mu.     Tis  5  iIl-t:^!*^  a  few  esimj.]«j  :  — 

'B,'ffiO=yM,^ffO.  =  SH;0-H  like  Kihfl        "' 

i  /FJTO,  =  K\JT,aXO,)  =  .Vff;-'>.VO,  like  ff-O-.W,.     J  -'. 


J3M.J 
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(.V//.),-0,-50,  like  K,-OjSO,.  [303] 

Tbe  producta  thus  obluaad  resemble  very  closely  the  salu  of  thu  alkn- 
line  iiietat&  With  certain  luattations  tbef  are  aaseeptible  of  tliu  wmo 
rMotfoiu,  and  id  tbeae  reactions  the  ntumic  (;roup  J^/f,  pinyc  tbe  some 
put  M  tbe  tnobdlic  atoms  in  tbu  other  aolte.     Tbuii  wo  hnvo 

(A^NO^ + Jfff,-ci + Ai)  =  A3Ci+  (xir^-yo, + Ji).     [sen} 

(CaCli+iNIf^)t'0t-C0  +  Aq)  =  Ca-0t-C0  +  (2yff^Ci+Ay).   [30:.] 

Hence  we  conclude  that  tbe  nmmoniiim  saltd  are  compouiida  of  tbls 
univalent  rawlioil  wtiich  wo  call  ammoninm,  and  therefore  we  urito 
tlisir  ayniboU  as  nbuvc.  But  altliongli  manr  ftttempti  bare  been  vaiuia 
to  obtain  tbe  radical  sabatancv  conuivonding  to  Xff^  these  att«inpt« 
have  been  bitlierto  luituccviwriiL  It  u  true  that  when  we  electrol^M  a 
solution  of  Amnionic  chloride,  uting  rs  the  negatire  pole  of  the  batt«ry 
a  quantity  of  mercury,  we  obtain  a  material  resembling  a  uelullic  nraal- 
gam,  wliii'h,  when  kepi,  slowly  chaiigea  back  to  nKrlAlIic  niTcury, 
OTolvin^'  a  mixture  of  bydno^-n  and  unmoiiiu  gate* ;  but  it  woiiKI  now 
appear  ttiat  in  thin  [wsty  mass  tbu  goaua  are  merely  mixT^d,  and  not 
cbemicoltj  oombiiKxi,  and,  moreover,  the  total  amount  of  material 
which  the  nmn-urj-  thun  wngulnrly  enclosw  ia  cicoodingly  small. 

323.  Ammonlc  Chloride  (Sal  Ammoniac),  XU^CI,  id  tbe  most 
important  of  tbe  ammonium  lalU,  and  the  material  from  wliich  the 
otiior  luumonium  compounds  are  prepared.  It  la  manidaolured  in  latigo 
quantities  frnm  tbi^  ammoniacal  liquid  of  Uie  gu  work*,  one  uf  the 
products  of  the  dry  iliitilhition  of  coaL  It  i*  a  whJto  cryslnllinc  salt, 
Tory  aolnble  in  water,  but  oidy  digbtly  Kilublo  in  alcohol.  It  eub- 
lim«s  below  redoew  without  first  molting.  It  is  isomoipbous  with 
•odic  and  potaaric  chloride,  and  re«emb[ee  these  salts,  especially  Itie 
last,  very  closely.  Like  pota«iic  cblorido,  it  is  precipitated  from  a<[ue- 
ou*  aolutioni  br  plntiiiic  ebloride,  with  which  it  forms  a  double  suit 
difficultly  Rolnble  in  water  and  still  le»M  soluble  in  olcohoL 

t       (2  ^'^4^!  +  f(C/,  +  Ai)  =  (yff,Cl)t .  PtClt  +  (Aq).        [30C] 

324.  AiBiBonlo  Hydrate  (Aqna  Ammonia).  {NIt,-0-H-¥  Aq.) 
—  AtO°  water  absorbs  1,050  times  ita  own  rolume  of  ammonia  gas; 
but  tbe  quantity  absorbed  rapidly  diministies  as  the  temperatUK  risea, 
BO  tlial  at  19°  it  can  only  hold  727  times  its  roluiue,  and  at  24",  600 
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times  ita  roIuiD&    'Waiet  sattinUd  at  15*  contuns  about  om  OU 
of  ibt  woigbl  of  ■mmonta,  but,  in  coowquence  of  Hie  gttial  cxjwm 
wliicli  utluiiilit  tho  AbttuTjiUon,  the  salutiiMi  id  li;^l«r  tlum  yral/a.    lb 
sc>]ution  hM  tiio  pungvnt  oilor  of  ommutiiB,  boauuo  tb*  gn  liotif 
(tseapes  trea  at  tbo  anlituij  tonpanttm  of  tbo  air,  aod  by  ptaltmffi 
boiling  the  whole  may  be  driven  off     In  this  utd  in  oiber  fkp^ 
relatiotiH  tli«  compound  of  amnionia  nritb  water  acta  lUca  Uie  tdi^m 
of  a  ga*,  but  in  all  iu  chemical  Klatlons  it  belutvua  Uka  an  alkilia 
bydrat<^     It  h  strontfljr  caustic ;  it  predpitatea  owtallie  bjtlata  ba 
lolutioiu  of  Uicir  nlU ;  it  nponifies  UXa ;  and  it  ia  rprj  mqitli  wi  k 
tlio  lubuniloty  OS  an  ulknline  rvagent.     It  haa  been  collod  the  *d£m 
altalL     It  iliflVrt,  howoToT,  from  tktfirtd  tUia/u-j,  toda  and pelod,% 
two  imporUnt  [nrticniars.     First,  it  is  Uvcomposed  by  li^  tua  ■» 
monU  gas  and  witt«r>  aud  is  not,  iberoforo,  proporljr  Hjieakia^  nlrik 
Secondly,  it  fomu  with  mauy  metaUic  radicals  aulul>lc  donfala  nmod 
other  compounda  of  peculiar  coiutiluliou,  wliicb  can  ttare  no  cooatr 
parta  oinung  the  compound*  of  tlw  alkolino  m«tais>      Hence  it  i«  fti 
in  miuiy  important  pnrtioilan  the  fca«tiona  of  tbo  ammoniaiD  all 
are  wholly  difTi^rcnt  from  thom  of  tho  corresponding  aalta  uf  •odimaa' 
potaasinm.     They  cither  do  not  ^ve  pTecipital««  under  tlw 
ditioas,  or  the  precipitates  obtained  have  a  wlmlly  diSEnot 
Compare  [304],  [30ft],  with  ^  249,  259,  aud  223. 

323.  AmmoDlo  Carbonate.  —  Tbo  commercial  m]t  is  a  frmiif^ 
white  >nli<l,  nbiiiintid  by  gubliming  a  mixtore  of  «al  ammooiac  vik 
chalk.  It  is  very  Bolnble  in  water,  has  the  odor  of  omnMnii,  ult 
strong  alkaline  reaction.  Ita  composition  ia  not  unraryin^  hottk 
osual  product  appears  to  be  a  mlxtur«  of  hydro-am monic  carhuDtti  aj 
amnionio  carbamate  (|3I9)  in  eijuivnlont  ptoportiona.  EqNMtdk 
th«)  air  it  li»ca  about  14  prr  coiitof  its  winght,  owing  to  the  dtm^Nte 
of  tbo  amisontc  ctu-lNininte,  wliich  is  rMoIred  into  CO  aad  SB^^ 
tho  ofxtquf  rpnngy  rcndtie  consista  of  hydro-anunonic  carbonala.  Fs* 
Ibe  cnmm(^n:ial  salt  tlior«  may  be  prepared  wull-tltilin«Ml  aystab  oftfi 
three  following  conpounda :  — 

Add  or  Hydro-nmmonic  Carbonate,     ff.yJT^-O^'CO 
Neutml  or  Dinmmoaic  Carbonate,       (y/f^'O^CO .  HJi 
Dihydro-totm-ammouioTricaiboiute,  U^^XH^^^O^iCG^.  Bfi 

A  aolntion  of  the  neutta!  aalt  pr«pai:«d  by  mixing  •  soln&n  rf  M 
oMDRUTcial  snbAtancn  witli  tbo  requisilo  amoant  of  aqoa  aauMili  ^ 
Wy  macb  uaed  in  tbu  labontoiy  aa  a  rMgoot, 
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330.  CbMiict«riiUc  Rcaotlotu  of  th*  Jjnmonttim  SdU. — Theso 
eompounJD,  when  binW  with  oau^tiv  alk:i!ii:s  or  alkaline  i-aitlia,  giva 
offsiDmonia  gM.  which  may  bo  n-';-uiii/>-'i  liv  its  cxlor,  or  by  the  cloud 
it  fi>nia  with  iKl.  Tbo  aauuouiuia  aalU  an  nil  volstilo  —  irilb  or 
without  decoitipcwition  —  al  ft  modetnto  teioperatnro  (exce<pt  in  the  few 
eoMS  iu  which  the  acid  b  fixed),  uid  are  thus  readilf  di«tiii(^i>li«d 
from  tbow  of  tho  tmn-voktile  hoHH.  This  ijtiality  I*  of  j^reat  lmpa^ 
tauM  in  cboiDicnl  annlysix,  und  loads  us  to  Kl<«t  tbu  ammonium  cdta, 
wheiivver  it  is  pocaibls,  as  nogonU^  bocauso  tlio  oxccst  of  tho  rtogaat 

€<X  fill  (hv  amtnoniiical  product*  can  so  iwidily  b«  eliminated  by  heat 
327.  Ammoaltim  Buea.  —  The  nalta  fonncd  by  the  uniuu  of  iHo 
nfKnind  nminoniiui,  or  amines,  with  octda,  closely  pm-mble  tUiua 
fornvd  ftum  nmoionia,  and  may  bo  rognrdcd  as  consisting  of  radicals 
derived  from  ammonium  by  ivplaciog  one  or  mi>n>  of  its  hydrogen 
atum«  with  other  positive  radicaU.  Of  Ihoso  compouoda  the  mont  in- 
t«Rsting  are  those  Cdrrespoadiii^  to  amiuoiiic  hydrates,  but  in  which 
all  four  of  ibe  hydiogen  atoms  have  becu  tliua  replaced.  Tbuy  may 
bo  pn-jiand  fn>in  the  tertiary  amiutu  iu  a  manner  wliich  is  illuslrated 
hj  the  fallowing  leucliona ;  — 


[303] 


The  solutions  of  the  aiuiDoe  in  water,  altbough,  like  nr|iia  animoDio, 
tliey  may  be  regarded  as  compounds  of  an  ammoniurn  radical,  nro  (l(x:ain- 
powd  when  ei-apomted  into  the  volatile  amine  and  water,  and  it  might 
hare  been  otiliiipated  that  the  tetra^thyl-ammonic  hydmto  would  bivftk 
up  in  a  ftimilLir  way,  hut  such  is  not  the  cone.  This  compound  ia  stable, 
and  on  ernpciniting  the  solution  nisultiuK  fru|u  the  last  reaction  the  hy- 
dnt«  is  obtained  ns  a  white  snlid  rMorahljng  caustic  potasli.  It  absorbs 
water  and  carbonic  dioxide  from  the  lur ;  it  predpitolM  the  metallic 
oxMe*  or  hydrates  from  their  salts  ;  it  saponifies  fats ;  and  it  n«utialiH« 
Hw  strongest  adds,  just  as  potaaaic  hydrate  does.  Several  similar  Gom- 
pounds  have  been  prepared ;  and  unee  it  a|>pears  that  the  four  hydro- 
gen atomx  of  ammonium  may  be  rcpUn^  by  Llie  mme  or  by  dtlTerabt 
atoms  at  will,  it  it  crldRul  Ih.il  an  infinite  number  of  such  eomiMUiuls 
are,  theoretically  at  loost,  possible.    These  bydiutca  have  a  biltvr  tute, 
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ud  cnoot  U  nkSSmi  wi^agk  imoamfo^&am.     In  heA  of  Oa 

whidi  am  evidently  formed  kft«r  tiie  auae  trpe.  Then  an,  tte>te 
Iwo  dascB  or  baat«  derived  fiom  "■-"—*■  ;  tb*  oim  vnlatile.  «fla-lb 
type  of  /^V;  the  Other  Doo-TolaliK  aftar  tb»  type  of  NB^O-B.  ni 
lorwipoiiliiig  to  tfacM  U»n  «« two  danwof  organio  BUnlndiilti 
fint  tobtik,  fik*  siootiiM  and  cooinis  tfaeaeeocwi  Don-Tolatili^  lib  fii- 
niiw  and  morphine.  1b  all  Umm  bwes  the  |Mtls  an  gtaufwd  laai 
«••  or  man  atons  of  nitngeii,  uid  iIk  diflcmuatt  brtvem  tba  tn 
daaan  of  ooapoudi  dqwnda  pritaatily  oo  tbo  bet  tbat  thaM 
an  triraleat  in  the  fint  daM  and  quiaqtiiTaleot  in  tb«  neonL  lb 
two  daat*  of  oonpoonda  vn,  bovorer,  intimately  nbitod,  and  aaf  t> 
lagatdad  from  diArant  poiata  of  \vsw.  Thoa  tfaa  nmHit,  JibH^,  w^ 
nitrilea,  wluch  we  haw  oonddeml  u  bnanl  albtr  the  tTj>«  of 
^as,  naj  also  be  ngttdad  ••  aohydtidw  of  lbs  smIm  of  iW 
ndieala,  and  in  maay  cam  mar  bo  prafMnd  boin  tima  tatU  by* 
aimple  pioceM  of  dehTdntion.  Hoteorer,  cueftil  Aw\j  will  ii{aa  if 
nnui 7  alliei  nlatiau  of  thcM  bodiaa,  all  of  wbicb  unst  ba  riiiiiiiil«< 
bofora  wo  can  comauad  a  comprdHnmrv  view  of  tba  mbjod. 

328.  CUortds  of  mtrocaa.  jVCI^  b  a  vny  volaxtia  fdlovt  i^ 
li(|iiid,  otiLLuMii  b}-  the  nation  of  ddorine  gaa  oa  a  aUung  «J«tiMW 
nJammontK. 

339.  Bromlda  of  UltregMb  KRt^  u  obtunei]  lij  -ligestinc  bnak 
of  poUtdiuiu  with  chlond«  of  nitfOgeM,  and  ia  aiwilar  to  Uie  bit  ll^ 
fioaraacc  biit  Ims  a  much  darkor  eolar. 

330.  lodlda  o<  mtTOfeB.  JVY^  U  a  Uack  powdm^  fooa^  ^ 
aqua  ammonia  is  addedinUigoaxoMttoanaleahalicaolatioaofiudiH 
Tba  Khloridc,  bromidv,  and  iodide  of  oilrogco  ate  all  Kij;hlj  taptasH 
and  illttttiMta  in  a  moot  niatk«d  manner  Uw  itHdabiiitf  uf  uiiilnlhfiW 
oonpooiMls  (S  74). 

331.  PBOSPHORUa.  f>  =  .tl.  — Fiiund  in  natui*.  cU^  n 
oombinUion  n*!!!!  calcium,  in  cakie  phuiphate,  a  miturad  uUhv 
tWT  widely  bat  eponngly  di»eminated,  and  an  uaaontial  bot  luhrri 
note  conilitueBt  of  many  iilaate^  and  o(  all  Uia  bighot  animal  alnutaa 
In  Older  to  obtain  tha  aiemantaiy  rahatanioo,  tba  calcie  ^l^^ 
^nenlly  bona  aabea)  i»  tint  partialljr  deooiiii>«Bd  witb  aal{ibm  a>t 
The  tMhU  acid  calcic  pboapbala  tliiu  tiblaiIM^d  is  anally  pefaatai  &■ 
tba  Boatly  MMo^aMf  calcac  au^>bata,  by  filtntioo.  Xlie  aalntioa  iitk* 
•vapoaaed,  the  acid  phoq»ba(a  nixed  with  palTwisMl  -)niitwi'.  -^  J** 
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tioToughty  dried  mass  distilled  in  onrtlicn  rRUirta.    Tho  distillatum  pto- 
viidi  aiuwly,  and  requires  a  reiy  high  trmpotaUim. 

?h«idri«l,      ff„CaiO^PO),=  CirOt^[POt)t  +  iff,0,         [309] 
S  OrOAPO,),  +  C„  =  Ca^O^PO^  +  10  CO  +  /•,. 

333.  Common  Phosphoraa,  P^,  when  pcrfctly  pan),  a  a  colorlan, 
QSpKrant  Kilid  ;  btit  or<liiuirilj'  it  bun  a  ycUowiith  Uiit,  and  is  only 
tnaliwent.  At  low  temporattinw  it  is  hritiln,  but  at  20°  it  ia  aofL,  lik« 
It  atdlta  at  Ai".  aod  boils  at  390*.  Sp.  Gr.  of  solid.  1.63.  Xn- 
nlulilu  in  watM,  slijiibtly  soluble  iu  nlcohol  and  ether,  still  toon  mlu- 
^tn  in  bath  the  TixmI  and  voUtile  oiU,  ami  very  solublo  in  carbonic 
lisnlphidn  or  imt[ihiimiia  chloride  PhM|>honu  ia  bj  far  Ibe  iQo«t  com- 
buBtiblo  of  tho  chemicftl  domonto.  It  taken  liro  ImJow  tho  boilinK  point 
»f  water,  and  slowly  comlrincis  with  tho  onj^na  of  Ui«  air  at  lli«  ordt- 
tcraperatnre.  If  in  not  too  small  qnantity,  tho  titnt  «volnKl  by 
slow  combiuUon  bood  ntisea  the  temperalura  to  tho  point  of  ignition, 
fcnd  it  ii  tliun^fore  always  precerred  under  wat«r  or  alcohol.  The  pro- 
Inct  of  the  rapid  combiution  is  phosphorio  {MMiloxido ;  that  of  the  alow 
nbustion  in  moist  air,  cbioAy  plinephormM  acad.  Expuwtd  to  the  air 
in  tho  dark,  phoBplionis  emits  s  groeniah  light,  and  h«QCO  its  naowt,  from 
4>opd^ ;  but  this  phospboresoence,  though  always  accompanyinfc  the 
low  tombustiou,  doat  not  appear  to  be  neoetMuily  cuiiiimiIuI  with  it. 
JUeki  of  plioaphortia,  when  kept  tindor  water,  bocooia  covered  after 
no  time  with  a  white  CTiut,  which  con8iat«  of  a  moss  of  micioscopic 
^Htol* )  and  in  tho  courso  of  many  y«ai«  these  crystals  may  aequira 
nsidcrable  siie.  The  form  of  the  crystala  is  the  regular  dodocalie- 
Iron  of  the  first  aysbcm  (Hg.  S6),  and  crystaU  of  the  aame  form  are 
bbtaineil  by  tJowly  orapomtiiig  thu  >olulioii  of  pkoaphoms  in  eatkonio 
iisiilphi'li?, 

333.    Red   Phoaphoiua.  —  Exponcd    to  tlin  direct  ounliglit  under 

■ater,  phosplionw  l>roomos  cor«rcd  with  a  ti»l  coating,  and  tbo  aame 

modification  is  formed  in  great  abundance  when  oirdioary  phoepbo- 

I  ia  licftt«d  for  scvetul  )iour«  to  a  t«mp«stare  between  23A°  and  iW 

an  almoaphcre  of  cnrhnnii!  dioviilc^  or  aoino  other  inert  giia.     Bed 

pkoaphorn*  is  ineohible  in  corbonie  dicnl|i!ii<!«,  iind  it  thiu  nuily  aepn- 

from  the  portion  which  lias  not  bce^i  changed.     Iodine  IJMiliCatce 

tie  conversion,  and  if  a  eolution  of  pboephorua  iu  caibonic  dtcuJphidv 


«» 


t  iBi  tB  aatf  HMT,  i>d  pfaoapboro  b  atowl y  pndptlileiL  ii 
,  Md  fkoifbana  b  in  aaMnpboas  powdar  ^  bu  A  la 
td  it  ifyiiMi  tfait  tlM  ef7«Ul«  on  riiombohrtw 
:  to  IIm  tltbd  snusL  Hftinw  phoMituifQ*  u  dicncirnlion^  ni 
bUm  ancdiic  aad  utiaonjr.  The  ^.  dV.  of  ad 
I  >•  aliavt  2.1.  It  uuJMgoM  no  eluuiga  in  lir;  air,  ud  sif 
t  b*  iHMai  1«  3aO*  viiiuist  Ukii^  fin ;  bat  tt  •  sUgUtlf  hfina 
it  cft^ipa  back  to  aamtmoa  phoepborm  mmI  iuftuw 
beM  rf  Md  itfacapfaons  is  0.1*00,  wliilo  thut  of  Um  e*» 
■■17  ntielj  n  0.I3S7  ;  >al  htact,  aa  we  ahmiU  iintM:ipat<v  tlu*  "nw 
dMoig*  i>  iftwiJui  with  tiiB  cthIuIuui  of  lioaL  Manmver,  tfaa  atkcfa 
ponr  of  wiw  plMnphcnn  is  to  that  of  nd  phospfaoniB  in  fhtff» 
poftioB  ot  hli  to  L  Ib  bbimmI^  nd  phoephonu  ia  l«m  actirt,  bb» 
iealff,  tkaa  "— — "  pboiphonB^  attd  k  not,  Uk«  Ui«  IbUm-,  j  iiiina 
Bolk  ntiEtm  am  latgnlf  taad  in  tbtt  maaafai-iun)  of  fnctum  uridm 
Tba  i«d  wii^  it  not  saad  ia  making  Um  match  itscU^  bui  atilj  in  &■ 
pnpcatMi  of  Hm  MO&n  oo  which  it  i«  nibbed. 

3M.  FboapkonM  and  OzTcea.  —  Tbs  foUcfwing  i»ai)H)imb  J 
pho^horaa  with  o^rBBi>p  or  *>t^  both  oxygen  utd  bydnBHi,  bm 
bccB  otiaerraL  Vajiva  the  nsual  namea,  but  tb*  stodfintiaiiKirll 
peaitioB  to  deviM  s  moca  phileaoiducal  aoawndataiia. 


PhoipbonMia  Tnoxide, 
Fbo^iboToas  IVnloxide, 
HypophoepboroBi  Acid, 
Pboapboroos  Acid, 
Cmnmon  Fbospbwie  Add, 
>r«tapho»]>boric  Add, 
Pymphitfpborie  Acid, 
Sodinm  &ilt  or  HKcabasic  Add, 
Sodiam  Salt  o(  Dodecabaaie  Add, 


P,0, 
P,0, 

/ra{Pto.i/;i 

liiO^-iP-Oi 

tfOiPtO,) 

H;.0-.{P'O:F) 

X.J.  O^P-  0,P>  0,t/*  OiPi 


Th«  reUtiona  of  thrae  ctnapoimda  will  bo  baat  nntlawtwod  br  t^i^ 
M  our  fin>t  ■llut>ll;^p«Dt  n  aawnnaJ  ortfao  oampnond,  Jif  0^,  ■ 
which  Ibe  atouu  of  pbotpbuma  an  oailod  to  hjdroxyl  hf  all  ibir  i* 
sOinitica-  Common  and  metapliospboric  addti  are  dow  aiinpJf  U»  m» 
Maaira  anbjdridaa  of  tbia  pantatonic  acid.  Stnrtit^  nou  im  tte 
doobla  mokoule  of  oat  aBSuned  componixl,  tbe  luUuwii^  a^Qdnte 
are  pouaUe: — 
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Jrt.       /f.«iO,.B(y*Oi^  4th.       ^,-0^'iPiO,iP) 

2d.        ffJO^P-Oi-P)  6th.  (PtO^P) 

these  poa8ibl«  conipoiinda  the  seoond  Mxl  fourih  «m  i<JMiti<-rtl  with 
>mmon  aad  melaphosphoric  adds,  «f  whtcti  itio  syTiiholit  n^pr^tient 
vo  moIeculsH,  while  t)i«  third  and  th«  fifUi  are  the  pfmphogphoric 
,(•1(1  and  phcs])h<)ric  anliyciridc  of  tho  nborc  Hst,  Tho  first  auh.vdridc 
■of  thin  wiric*  liM  nut  ytl  bcj^n  observed.  In  like  niauiiLi  wn  in«y 
I  tlire<\  four,  or  moro  molecules  of  the  firet  oompouiid,  «nd  d<vIuco 
.  Mch  of  those  condensed  molecutca  auotbcr  wMin  of  anhydrides ; 
i>ut  of  the  infinite  number  of  cumpouixb  thuN  pnadblo,  ottly  the  salts 
it  the  hexabasiu  and  dodecaboMO  acid  mentioned  above  are  known, 
tiia  aclieme,  howevnr,  doe»  not  includo  hypophosphcvous  and  phoa- 
phorous  ocidit,  nhich  bare  an  anomalous  constitution.  They  nay  bo 
aidod  a«  ortbophoaphoric  acids  in  vfaich  atom«  of  hjdrox.vl  (two  in 
be  firat  case  and  one  in  the  second)  hare  been  rvpiiiced  with  atonw 
hydrogen.  'Die  molecules  of  both  acids  eontain  tbren  atoms  o( 
tiyilrogun,  but  the  first  b  only  monobanc,  and  lb«  encood  dibasic ; 
bnd  this  fuct  illustnitea  an  imporbiDt  principle.  In  all  the  eo-eatled 
1  tulta,  only  those  atoms  of  hydrogen  ara  replaceable  by  motallio 
Ktoms  which  are  united  to  the  negalire  radical  by  a  viucidum  con- 
listing  of  au  equal  number  of  oryfffn  atoma.  Tlie  hydroj^n  and  oxy- 
HI  atc)tu»  thiix  puirod  arc  equivalent  to  *o  many  atoms  of  tho  radical 
ydroxyl  (i  37). 

335.  Fhosphoious  Pentozlds  is  readily  prepared  by  burning 
ph'iophoni^  in  dry  air.  h  is  an  amoqihoua  while  |)owdur,  luving  an 
iuteii.ie  alhitity  fur  water,  and  la  somutiinus  used  a*  a  hygiroacopic 
ap^nU  It  huacs  when  <Lroppod  into  water,  and  gives  a  solution  of 
metaphospliorie  acid. 

336.  UeCapbosplionD  Add.  —  This  compound  u  obtained  as  a 
Titreous  solid  (glacial  phosphoric  acid)  by  heating  orlhophosphoric  acid 
to  tediieu.  Its  solution  coagulates  albumen,  and  one  molecule  of  tho 
acid  situratcs  only  one  molecale  of  sodie  hydrate.  By  boiling  the 
solution  the  add  loses  it*  power  of  ooaguhiting  albumen,  end  acigutrea 
gr<»it«r  capacity  of  eaturation,  having  changed  into  oommoa  phMptiorio 
acid. 

337.  Common  Ptiosphorle  Aold. — This  is  much  tho  mo«t  im- 
portant of  lh«4e  cunipouuds.  It  is  readily  prepared  by  boiling  phos- 
phorus in  not  too  strong  nitric  acid,  and  evapotating  the  Uqaid 
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product  to  tli«  taaaamaey  of  qmip.  Tbo  oiduuijr  phoiirfMtei  n 
all  aalu  of  tliU  aeU,  and  OM  moiecalB  of  odd  ia  c^pahle  of  aUntfav 
thtM  mol«eolM  of  bote.  Many  of  tlw  phoephatu  an  ttins  i-oaitiWIiit 
and  these  »n,  tbooroticaUjr  ( j  39),  the  tmilnl  salu ;  eviUwtij  ««  btn 
lor  aeh  Itue  two  acid  satu.    Tbiu  In  Um  chm  of  aodK  w«  have 

•0  in  tlte  eaae  of  limo  we  have 

CafOJ(PC%,  M„C<i^0XPO%,  B„CaiOXP0\, 

Here,  ta  in  many  other  neee,  a  diatomic  mutal  •orvea  to  soUs 
togetber  two  moleeala  of  tlw  acid. 

S3S.  Common  Sodlc  PhoajAato.  //.AVPi''*©  .  12^0,  b  I7 
£u-  the  most  imporUut  of  the  ealts  which  pb<M[iborio  acid  fon&i  wAk 
the  hoees  prerioosl;  etadted.  It  is,  moreover,  the  chief  sotoUe  ■> 
of  the  aciJ,  and  'a  much  used  in  the  laboratorjr  a*  n  rcage&L  II  i 
abo  highlj-  interttttiug,  UicoRlieally,  beoatMo  it  iUtulnlM  bf  '» 
pMctioiia  the  nlatioaa  wf  bnv«  just  lw«n  cotuidering.  A  tnlulM 
of  tbi)  Rilt  is  neutral  to  te«t-papor,  but  whim  mixed  with  n  lohition  cf 
ai^ntic  nitist*,  also  perfectly  neotntl,  we  obtain  a  yellow  prodtiMt 
of  argentic  pboepbate,  A^^O^PO,  and  at  the  aamo  time  the  Bolraia 
becomee  acid.  If  we  heat  eonw  crystals  of  tha  nit  to  130°,  it  wiQ  In 
found  that  they  lose  twelve  molemlea  of  wat«r ;  but  when  the  diM 
tiiA»  in  dtiaolved  in  wa(«r,  and  tlie  aoluUoa  evuiKinit«d,  we  obtib 
crystal  of  the  same  form  (ritombtc  pdnns.  Fig.  6^)  and  ootsMilH 
aa  bcfoiv,  and  which  give  again  the  eame  reaction.  But  btwl  swHtf 
the  aanw  crystals  to  a  red  beat,  and  we  lutve  n  whriHy  itiffcwnt  imA 
The  salt  loses  thirteen  moleeulee  of  water,  and  tbo  rmtdue  ia  Im»  ^^ 
ble  than  before.  On  enpontion  we  obtAin  cryataltt  of  a  dlAucnt  fvB 
and  oompoaitioo  (Jfii,/*,<J,  ■  10/^0),  and  the  tolution,  *fl«^  ;iirn(» 
tation  with  oi^ntic  nitnto,  althoogfa  prevloualy  alkaline^  Wmw 
ooatnL  Koreover,  the  precipiute,  iuttod  of  beiug  yellow,  ie  m^ 
and  has  tho  «mi]>uaition  A;;,P,0.. 

839.  Mlcioooamlo  Salt.  //,A'//«,A>0,t/y>  .  4  fl^O.  — If  »  ■» 
togrthcr  hot  satnrated  eolution*  of  common  sodle  pboapbate  aaJd 
•mmonia^  we  obtain  the  following  leaetton  :  — 

(iI,KvO/  PO  +  NHjCt  +  4  fl;0  +  .^3)  = 

B,ytf,.A'a'0,'PO .  4  i^O  +  (XitCl  +  Aq).    plC] 
As  the  solution  cools,  the  microcoamJo  salt  ctystaUixQi  out.  laaviM  oA 
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ui  wilutioR.     ThiK  *Blt,  vrhvn  igahoA,  lo«ra  bolh  water  ami 
onia,  and  the  sodic  melaphoepbate,  wLicli  nmailu,  fu*e>  into  it 
ookitleas  gkra  at  s  i«d  heat.    This  g\iis»  acta  vetj  luuoh  likn  V^nuc, 
ml  in  ummI  in  (hi-  suiui'  wuy  lu  u  hliiW])i{H>  tlux. 
340.    PhoBpborus  and  Hydrogen.  —  Whun  pboaphonis  U  boiled 
^th  BtNtig  [H>tJL*li  i>r  xmU  i;c,  or  vritfa  milk  of  Uiao,  a  gas  is  evolvnl, 
:  pho«pliur>?tt4;ii  hydrogen,  wbkh  od  coming  in  oontact  with  the 
inflABieii  Bpoutaneoaaljr.     This  gns  coDSLsts  almost  entirely  or  the 
npoiiiul  Jf,P;  and  wheu  aoda  U  lued  tbo  roftctton  by  vrhicli  it  L* 
'fcnaed  IX  OS  fuUuwa  :  — 

{SJfa-O-P0ff,  +  Ag)+ff,P,     [311] 

Ilia  cni<le  pTodiid,  hoirerer,  is  not  pur«  f/^P;  tat  vrlwB  it  ts  juaaod 
agh  a  tiibo  conled  by  a  frMzing  niixltint  it  deposits  a  aaiatl  amount 

• «  Toy  Tolittilo  yellow  litjuid,  which  hns  Vvn  fottnd  to  be  a  ssoond 
apound  of  phosphorus  and  hydrogen,  If^Pt,  and  boa  the  propetty 
inflaming  aijoiitaneoaaly  to  a  high  dogreo.  Morwver,  the  gtu  Ihiw 
nted  lo^s  il«  power  of  self-lighting,  and  this  quality  in  tlin  cni<lo 
luct  in  evidently  due  to  a  amall  aUminture  of  the  liquid  siihtCancn 
ben  Gipcucd  to  tlio  direct  vunlight,  Iho  liquid  compound  girei  off 

^P,  and  deposits  &  yellow  solid,  which  a  a  thinl  compound  of 
sphoruB  and  hydrogen,  H^P^. 

[312] 


6jr,P,  =  H,P,  +  6ff^. 


I  Mima  idid  eompoond  is  deposited  on  the  aide*  of  the  Tnw.'l  when 

I  crude  product  firct  inentifMned  U  expuw^  to  the  HUidight,  aoA  ia 

I  cue  alco  the  gns  Idm*  it«  mI flighting  power. 

^Tboro  arc,  then,  tbtiw  distinct  compounds  of  hydrogen  and  pbos- 

But  of  these  the  first  is  by  far  the  most  important,  and  llie 

ber  two  are  diieily  inten^irtiiig  as  explaining  the  ainguUt  plienooMoa 

noticed.    The  cumpound  J/jP,  cdled  usually  pht/tphiw,  is   the 

Jogiio  of  itniiuonia  k^  luid  diServ  fn>m  it  iu  oou][fositiiiii  only  in 

ntnining  in  the  place  of  nitrogen  the  next  cluinuot  of  the  tiame 

Dicnl  mHos.     I)ut  Uio  differences  in  propettica  u«  so  great  tlwt  to 

erflciai  observation  it  would  ««rTO  as  if  there  w«ro  no  eimilarity 

tween  the  two  compounds.     Tliue  pboephnrett«d  hydrogen  is  insol- 

in  water,  except  to  a  very  slight  degree,  and  does  not  anite  with 

of  the  cotnmoD  Acids.    A  mote  careAil  study,  howerer,  diacoven 
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■nrj  laatkaA  i  rnii«Hiifinn.  far  it  ■ppatn  th^  It^P  doM  tuni*  «a 
OBr  tad  MI  ya  fan>  tbs  eo^oaiMis  i£/,P)Br  ami  (iT^i:  «U 
Bmnilja  (^Bf^Br  m^  {BJi^l.  Hi»«o?er,  Uui  RLonu  of 
ia  /^  luj  be  ntphcnl  witii  DwUijl.  ("i^,  etbfl,  CV//,.  s^  :  _ 
nduKb  TicUiag  caapo«ui<ls  mewIu  lo  tbe  tBrturjr  ttminei^  «likb  m 
«&,  in  gmiMJ  Um  pboiyhiiwi ;  uxl  it  fttnb«T  ^ipeais  tlnU  lfa»  yb* 
pUtm  kan  ■  itrsag  tMM  cbanctar,  cnabiniog  with  mil  Um  m  iami 
•ckU  la  fatm  ft  cfaaa  of  mIm  cotmfMading  to  tboMo  of  Um  ooBpaol 
rnn™'",  •&>!  jmUibs  alao,  bjr  rsMtiaiH  aunilai'  to  [307}  anJ 
fTTnfT'iTh^  ABsIi^goiu  to  Uw  Iiyilmtea  of  th*  nttraouiiuii 
Tba«  m,  buwwET,  even  faciv,  diRmncM  to  ba  tMted,  — •icii^  a 
partuat,  bacuM  tb«;  point  to  ft  teadonoy  in  tlte  series  wliich  >\nnkf 
Into  ft  imfked  cliftnct«r  in  tbe  next  elcinwnt,  oncDtc  Tb*  t>* 
pxuMl*  tniiMllijIpbaspbine;  ( Cff^,P,  und  tnctbrlphosphiiv,  <  C,  I! ,  T 
not  only  eomlnne  with  aetil*,  bat  tbcj  kIm  anitc,  as  dtaiuaui:  :a4;a^ 
utlwr  with  two  atoras  of  chloTtiMt,  brotnino,  or  todioe,  or  «-iUi  w 
aton  of  snlpbtir  or  of  oxj-gvn.    Tim*  m  fonowi  tbo  expiJbm 

(CAV»^*«..  iO,lf,},f^O.  (QffJ^S 

Lastly,  8  compoaod  hu  bcon  dfsrnbnt]  comapaodiitR  to  lUioiil  [te 
phuiettsJ  hydrogoo,  swl  bsring  ths  symbol  (C«,>,A(C' //,>,/'.  wtci 
like  ths  fbrawT,  b  both  Uqnid  ud  ^xiiitaoeuusly  intUiuuuhtc.  k 
bM^  nonoTsr.  tbo  piopntLdi  of  m  feeble  basic  rsdicftl.  and  b  tt 
flh-ffiW  Msics  Sods  its  ftnUogat  on  one  sidA  in  tb«  mliesl  stttldfph 
wtd  on  tlw  other  in  tlie  nnnarfcablo  cocnponnd  kakodyl    ({  ^9). 

941.  Pbospboms  aod  ClUorins.  • —  l*ho^lii>rua  cotnbiiMt  rA 
ddorfm  in  two  proporticMxt.  WliCD  tbe  pbo«]ihonia  U  la 
phosfilwiaas  chloride,  JVt,,  !■  fomwd,  wbirJi  is  a  fuming,  mM« 
liquid.  Wben,  on  the  otlirr  hand,  tbL'  chlnrina  is  in  exons,  w>  \ 
phosphoric  diloride,  PCI,,  a  whito  oyiitAliino  soUd.  Tknh 
poonds  aro  dMompoaed  by  witer,  and  when  tba  w»ter  is  is  lof 
excess  tb«  Kaetioiw  an  as  follovs:  — 

Fa>+{in^0+A<i)  =  {S,'O^-poff+3sci+49y    p'l 
PCI,  +  (4ff^o+A^)  =  (ff,'O^PO+)i  aci+Aqy    p» 

If  in  the  iMt  Inaction  mtcr  is  not  pnssont  id  safKciu,t  ijaulii}^ 
obtain  ijmte  a  different  rosnlt. 

rc\ + 0,0 = pcifi  +  2  Bcu  [no 
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Tbo  fint  of  tli«  ItiTM  KMtimu  U  iroporUat,  beoaiuo  it  givw  on 
«M7  iii«4hixl  or  pnjmring  pho«]>horotu  ncul,  unA  Uic  loal  tiu  ft  «iMrciAl 
intutiMt,  becaiiM  it  illii«trat«t  ■  mliublo  M{>[>Ii('fition  of  pliooplinrie  chlo- 
riilek  Tliia  ivageut  giv««  ua  the  moans  of  n>pln(.'ing  nn  atoni  of  gxygon 
with  two  atdoM  of  clilarin^,  and  thia  utnido  diaog*  fretiaenUy  gives  a 
doe  to  bho  nolMulnr  coiwtitntiun  of  a  L'ticiuii^At  cou|><)uail.  Tim  euin- 
pannil  PCt^O  i»  callod  pboiptioric  oxviOiloriil^,  atid  lliero  la  aluo  n 
pboapboric  enlphocliloride,  rCI,S.  KotU  nm  fuming,  colorluM  liijuidt. 
Th9  !>at,  wlten  heal«d  with  a  solution  of  cnottio  lods,  givm  tbo  fol- 
loving  iftiaaikabh  lecMtion  : — 


i 


•C/J5+GJfa-(}-ff+  A>/)  = 

t^j!fa^'0,*PS+iyaCl+Aff,0  +  Ai).    [3162 


312.  ARSENIC.  Ai=7S.  —  Trivntont  or  r|t)in^tiivii](mt.  Onoof 
Ihv  Inn  «bitD<lniit  drtopnt'*,  1>iit  in  luinuto  quantities  iiuilo  wiilnly  ilis- 
tribnted.  Found  native,  and  in  comlitnation  both  with  8ul|iliiir  and 
with  many  of  the  inetaU.  The  moat  abuiuUnt  of  the  native  cora- 
pouiida  ia  Miaitickfl,  Fi:S, .  FtAt,,  and  hy  timply  heating  tlila  intDonl 
in  a  uloaed  reeae]  tliu  oliMiiiiiitAry  subrtance  ia  catily  obtalued. 


%Ff,A^S,  =  iFtS+A$^. 


[3)7] 


It  is  also  pt^parod  by  subliuiing  a  mixttuo  of  aneoloiu  oxida  and 
charcoal 

K2  At^O,  +  SC=  -<»,  +  SCO,.  [31&] 

8*3.  "MetaUlo  Araenlo."  At,,  liiw  a  bright,  slocl-giay  Iiutre,  and 
ulucU  pk-ctri(uly  witli  nmlinLas.  It  is  thoroforo  frequently  claaied 
nmoiiK  the  melAli,  and  hence  cnllrd  mrtnlfU  arsenic,  to  ili»tiiigtiiah  it 
from  'phUt  anonic  On  thr  othnr  band,  it  i»  very  hpitiU-,  ami  «lu«cly 
allit^il  in  all  its  choti)i<?al  n^lntions  to  the  claas  of  elBini-iiU  with  which 
tt  ia  bers  grouped.  Arsenic,  like  phospfaonw,  in  diiaorphonx,  and 
may  readily  be  cr>-sta]itzed,  both  in  octaliedront  of  tbo  firet  system 
ojid  iu  rhombohedrona  of  the  third.  Corresponding  to  these  two 
forms  are  two  allolrupic  moiltncntions,  ilistingnishcd  nlso  by  difFcrTcncM 
of  doDMity  and  of  other  physii-Jit  qualities,  allhougli  tliese  difleivncM 
are  not  ao  maikei)  ns  thnso  botwetiD  the  two  stalos  of  phoaphorus.  In 
ita  onlinar^'  condition,  arsenic,  when  hvnted  out  of  contact  with  the 
aaj,  begins  to  volntiliic  at  about  130'*  without  pruvioiiHly  molting,  and 
^  caniKit  be  brought  into  the  liquid  condition  excupl  under  piessun. 
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The  Sp.  Cr.  of  th»  »o)iii  w  5.79,  ami  that  of  thft  vapor  nfond  tiu 
10.6.  Heated  in  conlnct  viUi  tlio  air,  it  bum*  with  n  paXo  Uoe  im^ 
and  Ui«  product  of  tlio  combiuUon  is  Mwniatu  oxide,  Jj,!),.  Ii 
cAiuKPt,  howover,  maintain  ita  ovm  oombustioo,  uhI  guM  uui  nx!m 
tha  tamparatnM  it  kep4  alioTs  d»  point  of  tguiiioD  lijr  estenud 
At  tho  oivtinar>'  U-mpRrutun  it  njndly  tamiahoi  in  tba  air,  aail, «! 
in  large  bulk,  tho  oxidation  i*  Bomctimvit  sufficieDtJy  rapid  la  iptk 
the  mas*.  Actions  accidents  hum  origiDateU  (rum  tJiia  auK.  Tb 
buminfi  af  amuiie  is  attended  witfa  a  peculiar  udur  ifewtnbliiij  fit, 
wliicli  t«  vcr^-  clt»uol«mtic.  It  u  insoluble  in  walrr  or  aajr  of  Ik 
ordiiury  wilvcnht 

344.    Araaolo  and  Oxygen.  —  Anenloua  O^de.    At,0^.—T» 
vhile  powder  wbiieb  is  Tunned  by  llio  burning  of  arMniu  u  Uw  tM 
im|Mitant  and  Uie  best  known  of  tbo  oonpountla  uf  tliis 
It  is  obtained  tn  very  large  quantitiM  aa  n  aecon^Ury  pnxIiKt 
roosling  of  many  melallio  or«a.     Like  araeoic  iloclf,  tbis  vmivtd 
diiuorpboiis,  4Dd  tuny  be  »bUiucd  CT}'>italliz«<d,  liuth  in  ootafaaiMBif 
the  Oral  system  and  in  rhombic  pmnia  of  ibo  fourtfa.    MonuTtf,  «te 
fteahly  sublimed,  it  appears  as  a  vitreous  aolid,  and  in  Ihiit  tkinl  hm 
it  b  tlitM  times  as  aolubia  ui  water  ns  in  the  ot]r»tallino 
Common  wliite  oisenic  is  only  sparingly  solublo  in  water,  u 
tinuous  boiling  wiUt  water  this  cryMolline  condition  is  cluu^d  B 
the  vittoous  (or  cuUeidiil)  modilicatiou,  and  n  much  lar^ 
enters  into  solution.    TJiis  chang^  tioo'cviT,  ia  not  punMoia^ 
afl«r  long  standing  the  excess  before  diMolrod  is  all  defioaited  ia  >* 
bodnd  uryvtaU.    When  digested  with  the  utinuml  adds,  or  wiiii 
ammoni*.  wbite  arwuic  dissolves  still  more  n-Atlilj  tUan  in  witcr,  )■ 
on  standing  thu  \ax^  |Ait  uf  lli«  Aifi^  ia  dcpuiittul  fivm  tb(« 
tiont  in  octahedral  ciy>La]«  oit  before,  and  by  evaporation  iIm 
may  be  thus  rccovurrd,  indicating  that  no  stable  cMnpouikd  W  bi* 
formed. 

M5.   Aisenitea.  —  Anenious  aidd,  /fyO^A*,   is  ntHj  kwi  ll 

solutiuu  ;  and  indeed  Uiotc  ia  uo  evidanca  ttiat  At^O^  forms  witk  «*t 

a  definite  hydrate     Tliure  are,  Iwveverjseveinl  wuU-<lefiDcd  lOMin 

Fotaasic  Arsonite  (Fowloi's  Solution),  Jff.K'0,'AM 

Cnptie  Arsenite  (Scheele's  Otpon),  //,  C'm'  0,'U 

Angenlio  Arsonite  (Brilliant  VeUow),  Agj'Ojtit 

Tho  fint  !*  obtained  by  adding  to  a  anintiou  of  aiiutir  v*^  ■ 
exooHol  .iijO,,Bnd  the  but  Im  an>  l>r«:ipitnt4Ki  wl>es)  a  seUm <f 
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tho  fint  ia  oddtd  to  lh«  lolution  of  a  silvar  or  copper  salt.  An«niuua 
sohydri'leis  a  mo«t  violent  Cumeral  poiaou.  Il  u  also  a  powerful 
autiM|itio,  and  U  ntuah  used  in  iiaukiii),'  litdea  and  fot  jinucu-vitig 
Bnatomieal  |tn)piiration». 

346.  Anenla  Aoid,  It^'0,^A»0,  is  readily  ubtaincd  by  tivatiug 
Ai^Og  vritli  nitric  oki-L 

At,0,+  'iJfO-yOt+-2ff,0  =  2fft'0^>A40  +  ytOt.      [S19] 

On  evaporating  the  resuKiog  eoliition  unilei  regnlated  couditiona  uf 
totupenture,  d«linito  hydnti-a,  all  whita  siulidti,  may  bo  obtuiu«d  corrc- 
aponding  to  the  three  uonditiuiia  of  pliosphoric  acid.  Itut  they  ditfrr 
from  the  hlttt  iu  tliat  wIiud  di«ol\-od  iii  wattii  lliuy  atl  yield  Mliitiona 
having  tlie  aame  pro[Hirti«a  and  conlotniug  tim  saiiiu  triliaaio  nnid. 
From  tUL)  acid  a  lat^c  number  of  amaiiotwt  may  bo  prcjuinid.  I'lio 
following,  all  uf  wliioh  mny  be  oUainvd  in  w«ll-dcfiu«d  ctj-bImIs,  are 
iaoffiorphous  with  tli*  comapondiog  pbospliatoa :  — 


I 


Sa*OfAtO.Viif^O 
.Na^OjAtO .  11,0 


H.yafOMi0.lSff,0 


[320] 


These  nilt«  may  bo  all  rcodcrod  anhydtotia  by  boat,  and  fVom  the  acid 
aolta  ptodacts  may  be  thus  obtAincd  corresponding  in  composition  to 
the  Dietu-  and  pyio-pbosphatea ;  but  vheu  dissolved  they  r»initu  with 
water  and  become  tribajuc.  Ilenco  a(]Ui-uiu  aoliitioiia  of  all  tbi-*o 
armniatts  give,  vrith  aqj^entic  nitmte,  the  mmo  piccijntnln,  Affi'0,'AiO, 
Iliia  pivcipitate  boa  a  brick-red  color,  and  (^nabtoji  tis  to  diitinguisli  an 

Kuiiate  from  an  areonita  It  is  not  formed,  however,  if  .in  cxcc^  of 
nonia  or  if  a  free  acid  ia  present.  On  adding  a  aolutiou  of  magni>sio 
salphtttH  oonUihiiiig  an  excess  of  animonta  to  a  solution  of  an  araeDiat«, 
a  pncipitato  ia  obtuincd,  (//,.V),J/ir<0,-j4«0.  fi //,0,  which  very 
ctooriy  ivaembloe  tho  oorrutpoiiding  prucipiliilA  obtaiuud  with  a  phoi- 
l^te  Qoder  the  xame  conditions. 

347.  Artenic  Anhydride.  Aa,0^,  ia  obtoiuod  aa  a  white  aniarphoiia 
•olid  when  amvuic  acid  ia  heated  nearly  to  redntes.  At  a  bigbar  teu- 
pentaro  It  fiucii,  and  U  decuniiiosed  into  Aa^O,  and  O-O. 

34S.  Anenlc  and  Hydiogen.  —  Diete  are  two  com[>i>undB,  a  solid, 
ff^Aff  »•"'  "  8^S  I/fAi.  Tlic  gw,  oftou  called  Arsim,  is  fiirnivd  wln-n- 
erer  hydrogen,  in  its  naMont  oonditinn,  cooK'a  in  contact  with  a  coui> 
pound  of  aiaenic,  and  its  formation  gives  lis  one  of  the  moat  dclicato 
aicau  of  detecting  the  piesenco  of  atsenic  in  cases  of  poisoning.   Thu», 
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v1»n  uBeniffiu  aoU  is  iDliwInced  into  an  qifantiu  nDlviiig  hfi» 
grn,  w«  bitv<!  ttio  tvaftiun 


/ii'Oj'J*  +  SIfff=  ZH^O  +  //,  Ji. 


[3211 


Jb  Uiw  obtnlaetl,  bow«T«r,  tbo  ^-aa  is  more  or  Ims  mixed  wilb  lij-ibi- 
gon.     It  xa&j  bo  oliUiuwl  pun  t>)'  the  fuUuwiiig  naction  :  — 

Sn^At^  4-  («  iirCT  +  Aq)  =  (SSnCl,  +  Aq)  +  i m,Aa.        [3»} 

It  u  a  c«1i>rlt»H  fftM  (3p.  Gr.  33.9),  wliicli  may  tw  coutleiu«J  to  i 
Uqiiiil  lioiliiig  at  30°.  It  liiu  a  RjmUlve  odor,  aod  b  exi-MiItnyl]' 
poisonous  It  btiros  in  tbo  air,  fonniiig  .-l«t(7,  and  //,0,  aiid  tli«  Uaof 
deposite  on  n  ooltl  sarfaco,  wbicli  u  ]ire«MKl  upon  it,  a  briltinDt  minv 
of  ni«tallic  anenic  The  gas  is  dcGom|Kwni  wlicn  [omciI  tlirough 
a  red-bot  glnna  tube,  and  a  similar  minor  ia  foniMid  on  tba  fsur 
surfoco  ill  fpint  of  tbo  li«it«i  portiou.  Hy  careful  i-xp^fflestlBg 
tbciu)  initTura  niAy  bit  obtuiiicd  with  liyi]ru[^n  gun  wliich  conldlU 
only  a  in«TO  tnco  of  ntwnio.  Whiiii  anwniui«ll«d  bydnigett  >«  ptnti 
iiitn  n  volution  of  nrj^tic  nitnito,  vo  obtain  Ui«  following  maaric^ 
reaction ;  — 

/f^*  +  6  J^- O^A'O,  +  3  i^  0  =  3  Jft  +  6  if  O^iVO,  + /^'O/-*!. 

Wbcn  ikuukmI  tuto  atrong  nitric  odd,  — ' 

3  ^^*  +  8  /WO,  =  3  B^^  0/At  O  +  4  fii  0  +  8  iVO,      [MJ] 

B^4  +  e  //.VO,  =  H,'OiAtO  +  i  Hfi  +  8X0,. 


I 


pp. 


SIS.  Componnda  with  the  Alcobol  S«dleala.  —  Arwnie  (brw 
oompound.i  uiinliigimst  to  thn  nmiticii,  phnsphioo*.  and  tbnlr  Amn- 
Htcs.  Tbo  oonpoaiKta  tHmotb^l-anuM,  {ClI^^A*.  ami  tri(ilby1-«mtK, 
(C^,),4«,  do  not,  liow«T«r,  like  the  corTta[>ondiii£  j>biiiipbinas  amb- 
bine  diioctly  with  UCl  and  the  umilar  acida,  but  tbcy  do  tuiiU'  vm 
readily  with  two  atoms  of  cldoriiir,  bromiiMv  or  iodine,  nr  vitfa  dm 
atom  of  oxygen  or  Htdpliur,  fiinuinj{  ciich  conponnda  aa 

(Cff^JK-^,  {C^,),A.'Br,.  (CffM'-O,  (C^ffXirS. 

Tbey  alw  nnitc  vitli  tbe  iodidua  and  bromidea  of  tbo  akobol  ndieab, 
Kimiing  «nch  coiopoiinds  u 


(ca^.Afi, 


or  {C^BXArBr, 
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utd  fiom  these  maf  be  derived  basic  compounds  analogous  to  ammo- 
nio  hydrate,  like 

{ CH^,ArO-B,  or  ( C^H,),ArO-H. 

Sat  by  far  the  most  important  of  this  class  of  compounds  are  those 
which  may  be  regarded  as  derived  from  a  remarkable  radical  sub- 
stance, (CM^,Ar{Off^)^At,  called  kakodyl,  vbiob  ia  formed  when  a 
mixture  of  arsenious  auhydride  and  potassic  acetate  is  submitted  to 
distillation  in  a  closed  retort  A  crude  complex  product  is  thus 
obtained,  from  which  the  radical  substance  may  be  siibsequeutly 
separated.  Pure  kakodyl  is  a  spontaneously  inSammable,  exceed- 
ingly fetid,  fuming  liquid,  resembling  in  many  respects  the  correapond- 
iog  compound  of  phosphorus.  It  enters  into  direct  combination  with 
several  of  the  elements,  and  is  one  of  the  best  defined  of  the  radical 
substances.  Representing  the  group  of  atoms  {Cff^)^At  by  Kd,  the 
■ymbola  of  a  few  of  the  more  characteristic  compounds  will  be  as 
follows :  — 

Kakodyl,  Kd-Kd 

Kakodylous  Oxide,  Kd^O 

Kakodylic  Oxide,  Kd^Ot 

Kakodylic  Acid,  JfOKdO 

Kakodylic  Anhydride,  -KdfOg 

Kakodylous  Sulphide,  KJ^ 

Kakodylic  Sulphide,  Kd^S, 

Sulpho-kakodylic  Acid,  HS-KiS 

Sulpho-kakodjlic  Anhydride,  l^d^S^ 

Kakodylous  Chloride,  Bromide,  or  Iodide,  Ac/C?;,  KdBr,  or  Kdl 

Kakodylic  Chloride,  Bromide,  or  Iodide,  KdClyKdBr^,  or  Kdl^ 

The  mutual  relations  of  the  compounds  studied  in  this  section  are 
iUastmted  by  tbe  following  scheme,  which  includes  all  the  known 
compounds  of  arsenic  with  methyl  {Me  =  CH^  and  chlorine  :  — 

Tjp.  H,N.  Tjp.  OH.W. 

Mt,Mt,MM»  Cl,Me,Mr,Mr,MfiA» 

a,Sfe,3f^Ai  Cl,a,iff,.VeJfeU» 

CI,  a,  Me^At  CI,  CI,  CI,  Mf,  3MA» 

a,  ci,  ct-At  a,  ci,  ci,  ci,  maam 

By  direct  union  with  C/,,  the  compounds  of  tlie  first  column  may 
be  changed  into  tbe  compounds  of  tbe  second  column  on  tbe  next 
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\6jrm  lino,  nti^  tb*  easfpotuuls  of  tho  second  colnmn,  vIhq  hnted, 
break  up  ioUi  ^VrCV  And  tho  cotrMpoading  compomul  of  tlu  fiM 
eDlumn  on  th*  aame  liao.  Montover,  th*  firel  oompouDd  of  tlw  to 
column  unitea  diivctly  wttb  J^C/  to  form  tbo  Cn(  cumpound  of  tiM 
Mcoiiil  coliiniD.  Betidcn  tlM  oomjiaumU  ini'iitifinitd  alio^if,  tliis  sebt^ 
includes  soothot  cIim  of  ooiu^wumlis  whicli  may  Ixi  trgnrdcd  as  foniwl 
from  tho  ndical  {Clf^At  (corresponding  to  JfX),  not  yd  tsolafad 
Sucb  are 

(  CH,)Ap  a„  If.'0,-((Cff,)Ar  0). 

They  an  odlud  anenmonometliyl  iodido,  oxidc^  etc.,  and  Iba  LmC 
MscnmonuiURthylio  add.  It  is  OTidunt  Uiat  iIm  qatDtiralenoe  of  tin 
ndicol  in  not  the  sanio  in  all  tho  r'^mpi^iinds. 

390.  Componad*  with  CUorlue,  BromlBv,  uid  Iodine.  —  These 
Qleuienl«  uiiic«  diroclly  with  aisenio,  bat  only  in  one  pTopaitjniw 
forming  AtCl,,  AiBr^,  aud  A*l,.  T\w  Itrst  b  a  liqnid,  the  UA  In 
AM  volatile  ftolids  ut  the  ordinary  teniper&tnre  of  Ibe  air.  Tbny  ai* 
•U  d«ooaiposoil  bj  water, 

2  A*Br,  +  3  /?,0  =  A  0,  +  6  BBr.  [324] 

351.  Compoonaa  witb  BulpUor.  —  ArBPnic  and  sulphur  nHy  1* 
mdlvd  to(,tMii.'r  ill  all  proportiona.  They  also  fonn  tii>V(:inl  ditatnil 
com  poll  II I  In.     Tin)  miwt  iiupurtjuit  are,  — 

3A2.  Realgar,  A'Ss'  *  brilliant  rtd  aolid,  much  tued  b«  a  pignwol, 
and  found  In  nntiirv  vril  cryitalliicd. 

3A3.  OiptoMnt.  Ar^S^.  a  brilliant  ^ow  solid,  also  nsod  as  a  paisL 
Formed  whenever  arsenic  is  prodpitatod  from  its  eolutioiu  by  il^ 
Also  fonnd  cry«tallixed  in  nature.  Tbe  preeijMUted  sotpliide  i*  wmA 
nblo  cn^n  in  strong  bydroubloric  add,  but  it  is  raadily  soluUe  ti 
solutions  of  Muotio  alknlivs ;  nlso  of  ammuiiia,  ammooic  sulphido,  ami 
«vftn  of  ammootc  carbonate.  From  all  those  solutions  it  is  again  ftt 
«ipital«d  by  acids. 

ii>,£,  +  (1 K-OU  -f  A^)  = 

{H,KfO;At-\-  H.KfS,>At^  ff.O  +  Jy).  pJS] 

{H.yofO^^Ai  +  %fI,S^rA4)  =  (ff,AWS,'AM-i-Zff,0  +  J^).  [3W] 

AM^  +  (6K-S-ff+A^)  =  (2lit'S^At+Af)+  3ff^.  [3!7] 

(i  Kt'S,>Ai  +  CffCl  +  Ag)  =  As^S^  +  {&£a  +  Ag)  +  3  fl^J.  pM] 

Compare  [353  to  350]  Nryond. 
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35(.   Aneole  SnlpMda.  At^S,. — Oiiljr  known  b  combiMtion. 

Snlphiu  Salta.  — Tbi)  siilplaJn  Ai^S^  «Dd  At^St  an  "tiu!{ihur 
•nhydnJiM,"  and  lonn  wiUi  t)ie  Hu)fit)ur  bosM  ■  very  IsTg*  and  im* 
portant  c.\am  of  aulfiliur  lalu,  many  of  wliith  ilk  naltva  compounds 
and  importwit  raoUillio  orre.  Tba  micttons  [325  to  32S]  will  illiu- 
UtM  tho  formation  of  comjiounda  of  tbie  clii». 


PnKutitf^ 

T«nDaiitit«, 

SarturiU, 


StUpIio-araeal  tea. 
Hexa^'ona], 
bometric, 
Ortliuihombic, 
Orthorhomljli.', 

Bnlpbo-«ia«ni«tM. 
Orthorhombio, 


A'jiS^As 
Pi>t*S^A4tS 


Enargitc,  Orthorhombio,  [Cv^Sj\AtSij 

Tbcm  symbol*  KhoiiliI  bo  coinporvii  witJi  those  of  Uie'  correeponding 
compounila  of  antimony,  in  cottnoctlon  with  wbicb  ikeir  mutual  tek- 
tiouB  will  be  (>xpktDcd. 

35A.  Otaaracteriatio  Roaotloiia. — Tha  importaticc  of  [troving  tbn 
pteeence  or  &bseDce  of  arsenic  in  ca8«a  of  nmpocteil  poiiuiiiiiig  liu  led 
to  a  invit  careful  eitudy  of  the  ciiaiacterietic  reactions  of  this  cloment. 
and  bfiocoour  knowlcdKii  on  lliew  jKiiula  la  uuii dually  accumte  and 
fiilL  Tha  moitt  ntriking  iif  Ihusir  r(iiic:tiunii  bavc  ulnMily  bcmi  given. 
Further  detaila  or  description*  of  tnHhoils  by  which  arsenic,  exen 
wliea  in  tninat«  quantitioa,  may  bo  dotoctod  and  dJatiDg:niiibcd  ttom 
antiniouy,  lii.'  )<>'yi-'iitl  the  acope  of  the  pre«?ut  work. 

356.  AtnXMOmr.  Sb  =  120.  —  Tnvaleut  or  <)uini;uiTiJvnt. 
Tilt*  element  b  leu  abundautly  distributod  than  uncnic,  atthou[{h 
fnuml  in  inuiilar  iMiociuliiinii.  The  moHt  nlnindiint  native  compound 
is  th«i  gmy  milpliitlc,  Aiitiniony  GUnce,  Sf'tS,,  which  orcun  not  only 
in  a  pun  titjit«.  but  also  in  combination  with  other  matoilic  sulphidea. 
Antimony  ia  loDietimes,  although  i&rely,  found  in  the  metoUio  state, 
and  likeniae  in  conibioalion  with  oxygon. 

3AT.  MetalUo  Anttmonjr  i*  most  readily  cxtiactod  from  tho  native 
tolpbido  by  sniolting  tlio  ore  with  mptflllii;  iron. 

Sb,S^  +2Fe=3FfS+Sbt.  [329] 

II  b  alao  extracted  by  lirrt  rongtiug  tba  ore, 

2  Sb,.S\  +  900  =  2Si,0,  +  6  SO,,  [330] 
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■md  llien  nelting  wtth  Aircoal  and  Mdic  cartwaaltt.  Tba  Iirf  if^  I 
tton  cDBvate  into  ouda  ife  HaaQ  pectiuB  of  tha  WpVHf  *Ul 
eKi{Md  uxxlotioB  in  lbs  roaathtg  jiwirtw^ 

si^+ 3  yov0^o= 5*,0i+  3  Ji;i^+  3  cot.    psill 

and  tbe  dttienl  redoeu  the  ozidfl  k>  iiifiallii  taxtintaoj. 


5i.,C^+3C  =  56,+  SCtt 


[:i 


By  oxidizing  th«  cnde  owtal  wiUi  Bttric  add.  unl  ■gain  radadif  i 
chotiMd,  the  uituiMD7  may  be  obUttted  in  a  pom  caoditiua. 

AnUmon;  i*  cl<Meljr  allied  to  atMtiic.  Ixd  paneasin  Ux  |ityp«tn^| 
a  utda)  lo  a  idiQ  lujifair  degKC  b  In*  a  bright  ineUUie  kdn,  iM  | 
it  pnacrm  in  the  air.  It  bu  a  high  •'i^.  Cr.  (C-7).  aiMl  amdaitihal 
and  ekKtricHjr  with  fadliQr.  Its  cooductiui;  {mwo-,  buwvra;  hoi 
tior  to  that  of  the  perfect  swUb,  and,  morwTer,  it  b  i . 
nay  be  nadiiy  ndoced  lo  povder.  It  faaa  alao  a  In;. 
Mractnre,  ami,  like  jMenie,  jt  mj  he  ohhunBj  i-jyi*.!!!.— j  both  Iltlfc*  j 
bohedroiu  uf  tba  thini  tjniKta  aait  in  octahedraiw  of  tb*  tint  Of  I 
fint  i*  thtt  cooiDiDn  funs,  and  lampa  at  tb«  nwlal  mnj  iiiaiili^Vl 
etaand  paiaUd  to  the  tfaombobednl  pboHa,  which  am  ninn  mmUl 
Im  erideni  on  tbe  bactund  tmtaea.  AoHmimy  tudu  at  iSV,  ^>] 
Tolatilijus,  but  orIt  vetj  ilowl;,  at  a  fnll  nd  h«al.  The  iwttM  aiii  I 
vhan  healed  in  tba  aii;  ahnrljr  oxidiaM,  and  tiufnm  the  Ui>«p|M  I J 
bonis,  the  prodact  <4  Uw  oxidtAiaa  baiag  in  idthar  caae  St^O,  iiAi 
BWBjr  i*  odIjt  vfTf  i^htij  acted  on  hj  pom  hrdnKhlwic  mU,  wm\ 
vben  oonwDliated  and  boiling ;  bfit  on  the  additkio  of  a  Mry  i 
amonut  of  nitric  acid.  Um  natal  diaiolraa  aaafl/,  -frfiing  «  ^Mia  I 

^ -f  (6  JSa  +  6  .STO,  +  J?)  = 

(25ftC4+6/i;o  +  j,)  +  6jrot  psil 

VHh  the  aid  of  fatal  it  dinolvea  in  etrang  Mlpfanne  amid. 

Uttric  acid,  when  in  exMM^  eo&reits  the  metal  Into  a  whiLi  po«l> 
iMolnble  in  Um  acid  {ehicJy  SI,  0,X  It  bovewr,  the  nttik  »I  a» 
tains  a  litlis  h)^drochk>ric  add,  the  piuduct  a  ""^pintiwoi^p  Kti 

Sb,+  *ffojro,:mSBO-SiO,  +  ii^Oi.jF^Q^  +  isa  pas] 


Asmioxy. 
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Jj,  antimony  disst^ves  readily  in  a  mixture  of  tartAiiu  nod  nitrio 
which  is  oQo  of  tho  best  aolveuts  of  tbe  ntftsl.  MotuUic  anti* 
tnony  is  chiefly  naed  in  ths  arts  to  form  ulluya  with  other  invtnU,  to 
vhivh  it  imputa a  greater  haidiieas  and  durability.  Tyimmotnl  is  an 
•lloy  of  (our  |mrt«  of  lead  and  oao  ot  anUiDony.  This  alloy  expauda 
in  "  ttcltiiiK,"  itiid  tliim-foro  tukc*  n  vhurp  imprcBsion  of  the  mould  in 
whicli  it  in  cjisl ;  and  this  property,  w  woll  as  the  hanlneaa,  rt^ndera 
^rpe-mctal  peculiarly  mltable  to  the  important  uao  to  which  It  la  ap- 
plied. Itritannia  metal,  an  alloy  of  braaa,  autimoity,  tin,  and  luod, 
jnucb  used  aa  the  base  of  plated  ulver-ware,  aUo  owm  it*  li«rlni--«< 

ti  diinliilily  to  the  antimony  it  contain*. 
Z5S,  Antimony  and  Chlorine. — AaUmonlotu  Chloiidv.  ShClf. 
A  solution  of  tliia  onmpotind  ii  roadily  obtained,  either  by  [333],  or 
\fy  dia9<:>Iving  tho  nntiro  sulphide  in  hydcuchtoric  acid.  On  evapomt- 
;  the  ascesj  of  acid,  and  diattlUiig  tho  reaidui',  the  cbloriile  u  ob- 
aa  a  white  ciystalUne  solid.  It  ia  ddiquiwccnt,  rnry  volatile, 
tbd  mtlla  so  reailily  (72°)  that  it  was  fornmrly  known  as  Ituttcr  of  An- 
thnoiiy.  Tho  Sp.  Gt.  of  its  vapor,  rnt  found  by  oxpcrimimt,  is  112.7- 
AntiiBonioua  chlorido  may  also  be  obtained  by  distilling  antimony  or 
antitiionious  siilphi<le  with  mercuric  chloride,  and  also  by  distilling  a 
fixture  of  antimoniooB  sulphate  with  common  salt. 

Sb,  +  4  ifya,  =  sh^ify^ + [ffj^ci, + asboi,       [sse] 

Sh^^  +  3  SsClt  =  3  JfyS  +  2  SbOif  [337] 

Sf^oj{SOi\+ 6ifaa = ^yaj-0fS0,  +  asbctt      [ms] 

kntimonioo*  ehloride  is  decomposed  hy  water,  forming  au  insoluble 
chloride  and  h)'drodilono  acid.     Henos  tho  solution  obtained  by 

S3]  bocoincs  turbid  when  dilutml  with  water.  Tho  pnwence  of 
aric  add  in  Ruflid«nt  quantity  prevent*  the  decomposition,  and  a 
ution  of  this  acid  dissolves  the  oxychloride  when  formed.     By  long- 

Dtinued  washing  the  oxychloride  may  be  converted  into  autimonions 


{SbClt  +  Aq)  =  SbOCl  +  {'inCl+  Aq).  [339] 

4  ShCIt  +  Ai=  Sb,0,Cl,  +  {IO//CT  +  Ay). 

Sb,0,CU  +-43=2  SbjO,  +  (2WCT  +  J^).  [340] 

Antimonious  chloride  oombioea  with  the  cUoridee  of  the  tnctala  of 
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Um  aUcoliw  ond  cf  tho  aUialina  ««itha,  uxl  fontw  soluble  cmdaSa 
wits.     HuuM  it  nay  ba  mucixt  vith  conocntimted  aolctuutiB  (^  tt« 
ohloridei^  as  also  vritb  strong  bydtvcblorie  ftciil,  withont  aaAofmi  I 
deoompoution.    Tbe  following  ore  the  symbols  of  a  few  of  timm  ligdfc  j 
ohiondes,  viliich  are  butt  KuHlded  u  tiuOKular  cumpounUa  :  — 


Z{H^N)Ct.Si.Ct^.\^H^O* 
iKCt.ShCli, 
ZNaCl.  .^a^ 


•2KCi  .  SbCl^ 

3I>9.  Antimonlo  Cblortda,  ShCt^  maj  bo  formal  by  jnHtaf  ti^ 
nne  gas  orat  S^Cli,  or  bjr  acting  nn  tli«  m«U]  witb  sn  cxc-^  itf  tk 
same  raageat.  It  ia  a  volatile,  Auuing  liquid,  which  ruulilj  (arii  rti 
two  fifUiB  of  its  cbloiine,  and  is  Uiarefoie  Mmatimos  nwd,  Iib>  PO, 
DS  a  cUbriiliiinK  iif;i-iit.  It  is  at  otux  deoaiu|KMed  bjr  water.  WM 
(Hily  a  amoU  qunntit;  it  fonus  an  gxychloride  (compare  [31J^]). 


If,0+  SbOl,  =  %RCl-h  SbC/,0. 


M 


or 


With  an  oxccss  of  wat«r>  iiMta-  or  dimcta'antinioiiic  acid  rasolU. 

2  S6C7,  +  T  ^,0=  If,tO,iSb,0,-h  10  ^Ct  [Mlj 

Tlio  prcMMtc*  of  Uttaric  add  prevents  theae  lewttona.  ^jr  tLsMb* 
of  IffS  on  Si>  Ct^  n  stilpbo-cblonde  m&j  1>e  fonnod. 

A  brDiaiile  of  antEraony,  SdBr^  and  an  iodi<I«,  Sb/^  are  ta4 
formed  by  the  ilirvct  action  of  Uieso  domonta  on  the  tud^M  ■ 
poDlo-broiDide  or  iodide  hiw  yet  l>m^n  obtainod.  Tbey  an  Imlli  Mk 
find  volatilo  solidi.  and  whan  acted  on  by  wator  arv  coDmMil  ■> 
Si^O^Sr,  and  Sb^O^I^  The  concepoBding  fluoride  di«ol*ca  b «M 
without  dvoompoeitiun,  and  forma  witli  Uie  atkalind  flooridn  ■  inki 
gf  double  m11*. 

ZNaF.SbFt,  i{H,N)F.SbF^  KF.S^ 

300.  AntlDuuiy  and  Oxygen.  —  Antimoaiona  Oxide,  ^(^r" 
This  compound,  already  mentioned  ns  a  product  of  lbs  dirwi  oxitUi* 
of  antimony,  may,  like  A«fO^  be  obtained  crystallixml  botli  ia  «^ 

•  Thtie  fvmbuU  w  thus  wrJttMi  to  *h<nr  th*  rdatloiBa  of  iLe 
b«  ftrklJj  iceunte,  Ibejr  (boalil  be  doubled. 
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'  drons  of  the  first  ejstcm  or  in  rhombic  prisms  of  the  foutth,  aui]  on 
this  differeDCe  of  form  depends  the  disiinctioa  bt-twccn  iho  two  min- 

I  enls  Senumoi)tJt«  «nd  Vulontiiiiti-,  Wrth  of  wliich  consist  of  this  ume 
Bubahmoik  Tiui  oxidt  k  most  ranlily  {mpBiod  nrlJIiciaUy  hy  pouriug 
«  solution  of  Saci,  [333]  into  n  boiling  solution  of  aoclic  carboDate. 

Sb,0,+ a  IiaCl+Aq)  + 3  <Sttf    [345] 

Antimoninus  oxide  aet«  both  na  a.  basic  and  as  an  acid  anhyrlrida^ 
althougli  the  first  is  hy  for  its  most  marked  ofaaraoter.  It  is  but  T017 
•lightly  soluble  in  water.    Wbon  tbc  solution  of  SbCt^  it  poured  into 

ta  oold  solution  of  »odic  carlionato,  we  haw  the  looction, 


(3  Jir«,'0,«CO+  2  ShCl,  +  /^O  +  Aq)  = 

2  HO  SbO  +  {6  A'aCt  +  iy)  +  3  ®©„ 


[346] 


and  the  prodnct  nisy  be  regarded  as  meta-acitimonioua  add,  for  it  di>- 
kilvua  in  eauatie  alluilies,  and  foriHH  deiiuitv,  althou){h  very  niiiitnbl*, 
nlt4.  Ou  tbc  otiier  lutiid,  the  oxide  diiaolv»  in  fbming  sulphBric  and 
ibming  nitiio,  as  waU  as  in  lijrdrochluric  acid,  formijig  crj-atallioo  salts 
HAd  wbich  the  antimony  ptayn  tbc  part  of  a  bnan  ladicnl. 
^V  The  nrost  important  salt  of  this  class  is  that  formed  by  dissolving 
^f^i,0,  in  a  sulntion  of  acid  putassio  tartrate  (Cream  of  Tartar).  This 
'      rompntind  in  verr  ranch  iiiiod  in  nnHiicinn  as  nn  crortic,  and  hcnoo  tlio 

I  trivial  nnmo  7'ttrt<ir  Smftic   Tartjiric  acid  is  tt^ratomic,  Imt  only  dibasic 
(I  44),  and  Wfl  have  the  following  series  of  compounds:  — 


Tartaric  Acid, 
Ifeutral  Potaado  Tartrate, 
Acid  Potaasic  Tarlmto, 
TnrtAr  Einetio  (cry«talliicd), 

after  boating  to  200% 


K.HJl^OfiC.lf.O^) 


It  -v\\\  bo  noticed  that  in  forming  titrtar  emetic  the  radical  ^0  of 
the  compound  /fO-;S&£>  takes  thopUco  of  one  atom  of  basic  liydro^ien, 
which  etill  remains  unrcplaced  in  cream  of  toitar.  On  heating  tbe 
dystallued  salt  to  100",  it  gives  up  itswat*rof  crystallization.  At 
200°,  it  gives  off  an  additional  molecule  of  water,  formed  at  the  expense 
of  llie  oxygen  in  t!ie  rmlical  jn«t  nnun-d.  and  of  tbe  two  atoms  of  hydro- 
gea  distinguLdicd  as  ne^^tivu  in  the  acid ;  and  it  will  be  seen  that,  is 


ANTIMOST. 

A*  aadqiboaa  Mli  llins  obtained,  one  atan  oC  Htasi?  Ite  fc| 
rf  tlHOT  tjpcal  Ktaw  of  liydrogoo  in  tantada  aeai.    Co^ 

1 1017  be  taad«  in  a  atnikrwqrntfc  tti«Ml 

,aadiuaiuam.  Th^oynbdadMabamitHml 
tat  ^mCm'  oalv  in  haTiag  the  ndioub  ArO,  JmO,  AO.w  OM] 
flan  flf  AC^  uid  tbejr  ttadeigo  a  atmilar  daeonpMitM  vfaa  I 
I  of  Um  auM  dao*  may  also  be  obtnaad  ntk  atel 
tioui  tboM  of  Um  group  of  elementB  m  art  dot  aa^ftl 
^(V  O.Ct  4<V  «^>>  «>(i  "'Ii'^Q  it  id  furtJkvadiM  ltetk|*| 
■^  *»  tkam  onipowDJ*  nuty  1m  r«i>liitioii  bjr  otbn  aahaii^  i 
wank  kf  linlMA  adioals  suiaeriog  togelbw  two  aolmbi 
typa,  it  vSl  be  Beet)  Ihot  B  vaiy  laiga  mmilicr  of  RKb  I 
Lailtf ,  tbo  bet  tbat  a  com  pound  has  boes  pcvpualiii 
M««(lkmMalatoaMorbydioe«ii  an  raplacvd  bftWfulini 
od  «lhi;l  vldh  ibe  otfacr  two  u<a  n>pIaG«>()  by  ibe  la^Uin  i 
antyi  a^tUaUMBMl  Cut  Uint  no  salt  can  be  oUaiiMri  n  «M  I 
dldaltvaAiBKan  nplaeed  bjra  weU-dafiood  pduiirandial^l 
i  m  fiiTOff  of  tbe  fonaulto  of  ibe  tutnUi  i 


,  wbaa  hetlcil  nat  of  ctmtact  vith  tl«  lii; 
I :  krt  owkr  tfar  wuao  coniiiUona  in  Um  ht  ii  1 
Ska  libii^  ^tmiag  «  Ufthar  oxida,  •li'it&,t  whtdi  la  &ui,  midi 
lri(k  nA  km.    ^  i^ilioo  with  cbarcoal  or  fajdiqgan,  all  tiw 
■a—i^y  arfacad-to  Iba  ■rtillic  atate. 

SU.  i  ■111  iiain  AolA.— Tba  rascUons  hara  alnadjr  bwii  ^ 
pM,  343.  M},  by  wU^  tbme  eoiuULtoiM  of  tbia  acid  m?  W  |» 

CMkontiMMek  Acid,  J7,iO,i5( 

um  ■ih'iamiif  Aad.  /T,-  O/.S-A  0 

DiMlMateoak  Add,  JJ  (>.ii  0, 

Matadiaatiiaonic  Add,  ^*P,tS(iO, 

T^  Int  w  aalad  gwanDT  |>]maiitiiDoiiic  add,  and  ittaj  iko  b  |a- 
Miwl  bv  a»&(riBg  a  aAMfaa  of  its  add  potane  talt  deaenbH  kW 

bal  «b(a  lb»  pRcipiUle  ia  dned,  it  loaea  water  and  dtue*'* 
lie  acid. 
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I  odd  bat  not  liecn  u  ^ ct  wtll  ettab- 

kaown,  utd  nuuij  of  thcii  salta  havo  bc«i 

invMtigatad.   The  moat  iDU>r«6ting  of  tboM  salts  is  obtained  by  fiuing 

antiracoie  anhy drido  witli  ui  excess  of  iMita^aic  Ii^rdnite,  aud  extractjog 

I)i0  ftiaed  maai  with  walor.    An  olkoliue  Aolutiuti  is  obuiii<Hl,  cuuUiiiiajj 

ft  Mlt  whoae  compoeitioD  is  expr«Bii(<d  by  tti«  tymhul  I/^KfO^'Sbfif. 

Tbb  Kolntira  pTcxlufre^  a  preulpitttto  Iii  Holuliunfl  of  4»Iu  of  nodium,  and 

U  Mmietimas  luod  on  u  n.iif^'Oiit  in  ti^ating  for  this  tilnmonL     TLc  »odic 

«lt  thus  pncipitAted  bns  tho  compoeitioti  II„lf<J^0^!H^O^.iH,O. 

^—Autinioiuc  acid,  in  either  of  its  coixlitiona,  is  insoluble  in  water,  as 

^B»  alao  the  uitimoaiabis,  with  a  few  excefitionB.    In  this  lespMl  thoy 

^■Bnqnently  dJifer  fnrm  the  conoipondinf;  oomponnds  n(  [ihuii[>)igru4  and 

^VUMnic,  vliich  tJii^y  clo«cJy  rMemblo  in  moleouUr  comdilution. 

3C2.  Aiitimonio  Anliydild«,  HhfOi,  is  raodily  prepared  by  gen- 
tly hMting  mrUt-aiitiiu'iiiic  n<?i<!,  tho  protluct  of  reaction  [33J].  It  fa 
A  pale  ycllon-  jiuwilei,  in^'iluble  in  water,  fused  with  alkuline  Ity* 
^pdmtes  or  carbonates,  it  yioldj  vorioua  antimouiates.  Whon  ignit«d 
aloaa  it  (pves  ulT  une  tilth  of  its  oxytt^n,  tuid  the  jiroduct  is  thi^  same 
irhit«  powder,  ^6,0,,  which  is  formed  by  thi>  oxidation  of  anUnioniiMis 
(U(til«.  Tliis  int«nn«dial«  oxide  in  tti«  aoHt  stuble  uf  thu  oxides  of 
■ntimoiiy.  It  la  sometiuMH  called  nntimiinimu  ociil,  and  when  fiisod 
with  the  alkslios  it  naU^n  into  combination  with  themi ;  but  the  pro- 
dncts  thus  obl«iaod  may  be  ngnrded  as  mixtures  of  an  antinionit^  and 

»tn  aatimoniata,  &nd  the  oxide  itself  ajifxtar^  to  be  au  Hiittuuniate  of 
tiilimuny,   ShO-0-SiiO%.     A  tare  mineral  csllcd  CcnantilA  has  the 
nme  ODiuposilioti. 
.  3C)3.  Antimony  and  Bydrogen.  —  Stlblno,  or  AntlisotilimtMd 

H  Vydrof en.  H^Sb.  —  Wlicn  any  solulils  compound  of  antimony  ■ 
^BUlded  to  aa  sppiimtu*  cvolring  hydrogen  [64],  we  obtain  a  product 
■tdosdy  TMemblliig  areoniur<jtt«d  hydrogen,  but  conttuoiug  uitlmony 

instead  of  anentc 
~  56CT,+  %H'H=  ff^b+iira.  [349] 

™Tbo  antimony  compound  thus  formed  is  always  uLTed  with  much 
hydrogen  gas,  and  has  not  yet  been  obtained  in  a  pure  conditiiMi. 

IVhen  burnt  in  air  tt  yields  wator  and  antimonious  oxide. 
3  ff.S6  +  a  OO  =  8bt0,  +  3ff,0.  [350] 

If  burnt  ngninst  a  cold  surfoc?^  so  that  the  combustion  is  inomplote, 
Ibv  autimoDy  is  deposited  asd  a  metallic  minor  is  formed. 


rf  _    _    _ 

365.  MMttmoKf  wmA  B«^bn  (Crvd*  Aattmoay  V— 

StA-  — Tbc  pay  ioljiliiao  of  uitiaimj  bv  tliWr  )m 
I M  a  naura  pRidiui.  It  ia  known  to  nuwnjc^ista  u  Aati»4 
Gkaee,  or  SlAiBitev  laA  u  dirtingoaiwd  bf  lt«  great  runlMUlj.  b* 
ylinlift  of  Uw  Duit«nl  naiUI]-  n«lt  in  a  cwmUv  Hfnm-  Him—  U  • 
etnlr  iipMitol  *»r  ft««"ii  fro"  l*'B  BM»g«»  with  which  ix.  u  l>ii< 
HSocutcd.  tnl  tbo  proetn  ia  Ivtmed  '*)ic(iiBtioii.*'  tia  rtpiVth*™' 
bit^t  tiM4«llk  Imtra.  ud  Una  fonn  of  riioinbio  prisma  vt  tin  balk 
I ;  but  a  itToitg  teutkncf  (o  kiDgituditul  duTage  mva  btt^ 
)«]  apfMianncc. 


^ 
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Vfhta  astimony  sod  Bulphtir,  or  uitinionEAiu  oxId«  and  eulpliui, 
ufi  melted  togetlier  iii  proper  pripurtiuiis,  a  L-uiujiouni]  in  obUioral 
Btmilar  to  the  uutivo  Hidphidc.  Mdnovcr,  »  prodpitnto  of  IIip  enmo 
composition  £alU  vrhea  /^.S'  i«  pn»«i!(t  titrongh  the  Bolution  of  aiij' 
I  uitiuoniouA  t-umpoiinil.  This  precipitate  however,  has  a  Irrutred 
eolor,  luid  i»  probably  an  isomeric  modification  of  the  oatiro  gray  com- 
pound  It  is  insolnble  in  <lilut«  liyiLiot^Uoric  aoid  wlieu  vi^Id,  but 
readily  diasolves  iu  tlie  hot  acid  If  modemtoly  coDcontrutcd.  ll  !■ 
also  aolublo  in  aolutioiui  of  aUuUiiie  liydrattrs. 

ISiA+(6£-0-ff+Aj)  =  {A'^S^Sb  +  K^0^Si+:iIf,0+A2).  [363] 
From  thiH  solution  it  u  again  prvcipitatod  on  the  addition  of  an  ccid. 


Sb^S,  +  (QA'Cl  +  Zff^O  +  A^).    [SS4] 
Like  manner  it  dissolves  in  solutions  of  alkaline  aTil]>ho-hj'dratee. 
Sf-,.%  +  (OK'S-H  +  Aq)  =  (2  Jir,»5,-.S»  +  Ai)  +  3//,5.     [335] 


I 


Antimonioiia  snlphide  ia  a  stronK  sulpho-anhydiide,  and  many  of 
ita  Halts  are  important  nuuerals.  Tlio  following  are  a  hvr  oxainples. 
We  give  tbo  symbols  iu  their  nimpluat  form,  but  in  tlie  mineraU 
tbenuulvist  the  antimony  is  fr^ijiiuiitly  uiok  or  Imm  replacud  by  areunic, 
and  the  principal  iueUtUi<;  nilical  by  otJier«  isomorphoua  wilti  iL 
Thrwii  conipoumU  are  buiit  cluailiud  by  Kfurriuj;  Uuim  to  a  aiiriue  of 
aMomed  mlpliur  ncido,  rcliitod  t»  «ach  other  hke  thn  aucccMdve  anliy- 
dnd«s  of  the  oxygen  acids  ($  131),  but  deriTod  from  the  normal  oom- 
poand  of  the  series  by  eliminattug  successire  molecules  of  JI,S.  They 
may  ba  distinguiahed  aa  oitlio-,  meto-,  and  dimeta-eulpbanttmoniteB ; 
but  tlivse  Urmit  have  no  ajiedal  upiiropriateneae  except  so  far  oa  they 
tmjily  nili.ttiiit^lion  analogous  to  that  which  obtains  between  similar 
oxygon  compounds. 


Orth  o-anlpban  tlm  o  n  1  tea. 


Pyratgj-rit^ 

Stephonitc, 

Polybasite 

B(MBDOIlit«, 

Mencf^initt^ 
Tetiohudrite, 


Hex^^nal, 

Orthoihombic, 

Orthnrhombic, 

Orthorhonibic, 

HoDociinict 

Ifrometric, 


Apt'SfS^ 
Afit'St'Sb .  At/fS 
A'Tt-S.'S,.  3Jy^S 
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HM- 


Miaigyiita, 
Zinkiuute, 

Bttrthtorito, 


Uata-a  ulphan  timoaltM. 

MoD-wlitiic, 

Ortborliombic, 

OKligrboalHO, 


Snlpho-dtuitlmo&l  t««. 


JamMonita  (Feather  Oro),  Orthcrhombio,  Pb^^'Sb^ 

FreiMlebMitc,  Monodinic,  84jr,^5,^5a,5 . 4  Pt^Sf^^S 

A  ftv  poiate  in  tonneclion  with  tbe  «bo7*  fonnube  nqtiin  fartbn 
flxpliuutioD.  Of  Iho  thnn  djr«d  lAoaa  wliioh  oompon  tfao  banc  ndi- 
cd  of  tbe  ninieral  lloumgaite,  two  an  Ktoms  of  lead  and  one  a  dwnbto 
atom  of  coppOT.  >'on  we  m&y  either  snppom  that  each  inolMule  tt 
tbe  mineral  is  constituted  as  our  symbol  would  indiast*,  or  u*  luj 
regard  it  a*  a  moloutdar  nggtegale  of  two  distinct  OMopoundv,  Bamtlf, 
[Cu^fS^ltf  and  Pb^SJlS^,  and  its  ountaioin^  for  overy  two  a>o)^ 
culca  of  the  last  ono  mulecule  of  the  fint.  In  Fn>i«sl«bcnit«,  bovevo; 
the  propottioiix  of  cilvor  and  I'Hul  nn:  snch  t)iat  thv  composition  of  the 
minemi  cnn  only  be  accuratcJy  ezprcaaed  in  th«  second  of  tbe  tm 
wnys  jii8t  iudicAted,  and  this  is  th*  guieral  ml«  in  tbe  mineral  kin^ 
dom.  Affdo,  the  minetals  Stephaoitc^  Polybasite,  Henej^iinita^  ai^ 
TetnUtedriu-  may  be  beat  regarded  as  moleeukr  aitEtreftataa  of  an  ortbc- 
Bulphantinionile  and  a  nniple  meUllie  tBlphido,  in  whidi  the  kil 
plnys  vury  much  thu  sanMi  part  as  the  voter  of  crystallimtion  in  our 
or^iinary  xJiltK. 

In  all  the  above  ouos  the  r«8ulte  of  analysts  iroold  indicate  a  nreat 
constancy  in  the  relative  number  of  heterDgeneoiU  nu^eanlaa  which 
cuter  into  tbe  compontion  of  the  miiienU  ;  but  in  other  fiii  no  nA 
constancy  ia  obwrred,  and  one  eloiiiont  is  found  replacing  another  in 
alinoat  any  proportion.  \a  TetmbiHirito,  (or  oxamploy  we  frequently 
find  thn  cop|>or  more  or  leca  replncod  by  silver  or  msKinjr,  lbs  an- 
timony ill  hko  manner  by  arsenic  or  hismtith,  and  the  lino  by  iroiL 
This  wo  oxprau  by  writing  tbe  symbols  of  the  replacing  demcBH 
together  within  the  same  Inrackels.  Tbtis  HCit^^^ilp'}  stands  Csr 
only  one  atom,  but  indicates  tliKt  in  Ibe  uinenl  the  oopper  ia  men  n 
ksa  replaced  by  silvur  and  m«irury.  So  also  the  symbol  [A>^] 
repiMcnts  only  one  atom,  but  indicatoa  that  the  line  ia  to  a  oeilaia 
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[[C«,].liF,./r7]  :  [Sb.A*,liq  :  [2-«, A}  =  3:2:1. 


~«t«iit  T#p1aced  hj  iron,  lu  ite  most  general  tirtm  tite  synlml  of  Tetm* 
_lte«IriU>  would  bo  writl«a,  — 

bit  i^mbol  uxlicatea  Qotliing  in  regard  to  the  relative  propottioiti  of 
I  olnmcnts  encloeed  ia  the  same  bmckete,  anil  in  fact  tliu  pniportioo 
variable  in  difli-rent  specimens  of  tlie  mudo  tniDcml ;  but  it  does 
show  that,  BO  far  as  the  tinmbcr  of  atoms  ia  coDCcmod,  — 

»t  ia>  of  coursov  impn«siblc  noconling  to  our  present  theories,  that 
i  molecule  shoulii  have  this  complex  constitntion ;  but  wo  may 
pose  titat  iu  the  miceral  there  aT«  ceriain  molecalea  eoutuliiing  ono 
of  elutiiciits,  atiil  other  muleculea  a  diffKreut  set,  the  actual  spec!- 
luuij  being  an  [i;.'gT(^gnln  of  all ;  onil,  fiirtliftr,  w«  must  8Uppii»o  thfit 
then  an  two  kiniU  of  molocular  a^tgn^gntioD,  ooe  in  which  the 
iioolecoles  ate  united  in  more  or  less  definite  proportions,  and  a  aecond 
where  tbty  are  merely  mixed  in  any  proportions  which  accident  may 
hnro  ik-tcnuini^d. 

I  S66.  Antlmonia  Bnlpbldo.  £&^,.  —  When  ^,5  i«  pnm^d  through 
•  Boliilii^Ti  of  SiCt^,  uu  unui^e-eulorvd  precipitate  i»  formed,  having 
th«  composition  which  our  \vmIiol  indicates.  It  may  be  questioned, 
Itowever,  whether  the  procipitate  is  not  en  intimate  mixture  of  Sfi^S^ 
ami  S-S,  tot  when  treated  with  sulphide  of  carbon  two  fifths  of  tho 
mtlphur  in  iliitiolved,  Si^S,  bein^  left;  and,  raoivovi^r,  it  Is  decomposed 
1^  boiling  hydrocldoric!  add  into  SbCIt,  H^S.  and  S-S  On  the  other 
Ikand,  it  is  dissolved  in  alknlinc  Iiy>tnit«s  and  sulphides,  forming  sulph- 
antimoniatos,  and  front  these  solutions  the  same  substaaco  ia  again 
precipitated  on  the  addition  of  an  acid. 

4  fia»«.  +  (24  KO-If  +  A<i)  = 

(ZA'/0/S,0  +  5£^S^SbS+\2^0  +  J9}.    [356] 

^  Sb^,+  (iK^-t-A^)  =  {2K^S,'S>S+jl^).  [3571 

(2  ICfS/SbS+  6  //«  +  At)  =  S/^  +  (6  KCl  +  Aq)  +  S  /J^.    [SM] 

3C7.  CbaioctetlNtio  IteaoUoDs.  —  Tlia  formation  of  the  md  sut 
pliide  by  the  action  of  fLS  is  ono  of  lh«  most  chamrtt^ristio  indica- 
tions of  the  presence  of  antimony ;  but,  beforo  this  t<«t  can  bo  applied, 
this  outimouy  must  be  sepamted  &oni  all  those  elcnicnts  which  wouli 


L 


«« 


BISUUTH. 


tiw. 


obware  tke  reaction,  l^  Uw  mll-knowti  dmUukIb  «f  qiulitative  uii- 
ym,  Ttio  blowpipe  roactioas  of  auttmotiy  am  also  'nrj  duncOMtic 
Thiej  cotrnxt  in  the  foraiatkin  of  a  bitttU  iuUUi«  bead,  or  «  ooatiof  J 
Tolattle  oxide,  on  chaiooo],  and  la  lb»  pwnliar  Uaisb-graoo  color  «bi(fc 
tliu  oxide  iDiparts  to  lh«  blowpipe  flmua. 

S68.  BIBMUra.  A'  =  210.— TitTalentanclquiiMiairaknL  0» 
of  tlw  tarn  elemeiilA.  Uttoallr  foiuul  uativoi  soneiiiiias  oombiMd 
with  aulphnr,  in  BiainuUi  Glance,  Si,S,.  and  lanly  with  botlt  anlpfam 
hkI  tollnrium,  in  Totmdyniit*,  £4?*',^  MutaUic  bumnth  ia  mdilj 
ntiMtod*  fVom  tbo  nntivo  niaond  hy  ftuloi)  ()K|aatian).  AlW  tim 
analugj'  of  pbospliorua  and  areeoic,  we  aatign  to  the  ekmaulaij  mil^ 
stance  the  moleiultu  fonuula  £\ ;  but  stacu  the  inutal  do«  not  nlf 
tilixe  fficoujii  ul  a  very  liigh  tJ.-mpetnluie,  we  liavo  not  htea  aUa  \a 
detennini!  it«  molecuLu'  wui);;lit  vxiicrimcnlaUy.  ItismulU  nwUs  it 
265°,  and  (otata  alloys  which  arc  ivjDaiknble  for  tboir  gteat  fbubilitf. 
An  alloy  containiiig  two  parte  of  bUmath,  one  of  Ua4,  and  one  ot  tia 
bhUb  at  about  94",  and  Ute  addition  of  cadnuum  redocea  the  tmUag 
point  stilt  lower.  Theee  aUo)'s  cxinuid  od  liaidenti^  and  an,  tlia*- 
Um,  nscful  fur  nuking  caala. 

As  wo  deeceud  ia  the  series  front  antimony  to  l^snuLh,  the  tnri^ 
quttlitioi  faceonw  8ttU  more  narked.  The  Sp.  Gr.  of  biamtitb  ^wk 
iJ63.  Ita  hutra  is  brilliant,  witli  a  ivddtab  tings.  It  U  lets  farittk 
Uun  antimony,  and  ia  even  slightly  moUqabl*.  Ui«math  may  nadilT 
be  crystailiwd  in  rhiHiibobedtons  isonorphoaa  with  thoao  of  aaiti' 
nioiiy  i  but  tl  has  not  yet  been  crystallised  in  fotnu  of  the  isooulik 
syitoni.  Bianiuth  is  not  diseolred  by  sttvng  hydrochloric  acid,  dm 
evon  by  uiljihuriu  ucid,  vxo:]>t  when  conoeutnted  and  butUng.  JSiint 
acid  readily  <Iiaolvv«  it  with  orolutitm  i>f  NO,,  foruiing  a  w«U-ciytbl- 
liied  uitrabe  {distinction  from  antimony)-  I'bo  metal  also  disBolns  ia 
aqua-regio,  and  combines  directly  with  chlotioo.  bromino,  and  iodise 

3Ct).  BUmuth  and  tba  Alcohol  Radl«ala.  —  No  ooapooikd  «f 
bismuth  and  hydrogen  ia  known,  but  bijunuth  eombinos  with  allijl, 
fbfmiii};  a  very  uaatable  liqtiid,  which  indamea  spontaneously  in  tb* 
air,  and  explodca  at  150^.  It  has  the  eompoeilion  lC,H,),Bi,  soJ 
from  it  nwy  be  obtained  tlio  comjiound  {C^ff^Bif^  in  yrllow  ni* 
aided  ctyatoUine  plates.  This  is  the  iodide  of  a  bivaioat  isdkal.  whiik 
fbnu  aUo  definite  but  very  uutablo  oompouods  with  ehkniu  uik 
oxygen,  and  is  capable  of  r^jddcing  the  fafdngen  of  nitric  or  snliihitiiB 
acid. 
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S70.  BtoButb  and  Chlorin*.  —  Only  ooa  eoaxpoODd  of  fcioBatll 
woii  chlorine  is  kiiuwn,  itiUf^.mxnl  Uiis  nuf  be  obtaintd  cdthcT  by 
pawing  chlorine  over  the  metal,  by  diatilliiig  the  meUl  with  ooniuive 
aabUmat*,  or  by  <U&tillia<j  the  rMidiie  obtained  w  heo  a  tolotion  of  tba 
metaJ  in  aqua  nah  iti  L-vapumled  to  drynesa.  The  prodact  ia  either 
cttM  ia  a  rcry  fuaiblft  aud  volatile  solid,  rwembling  the  oonMpoudin^ 
compound  of  antjinoiiy.  It  dinolrcs  in  hydrochlurio  acid,  but  ia 
deoonpooed  by  vrntor  into  hydrochloric  ikcid  and  iiuuluble  oxiolilorido 
o(  bbmuth,  BiOCL  Tbo'sainii  osiohloride  ia  pncipit^ted  whvn  a 
•olaLion  of  biamuthoua  nitiato  ie  potmd  Into  a  aolutioa  of  coiumna 
•alt.  It  ia  a  bnlliant  white  powder,  known  under  the  name  of  Pflorl 
Whito,  and  muoli  umliI  oa  a  oosmotic.  It  i^  insoluble  in  tartaric  odd, 
amnionic  mlptiid*,  or  nulutimi  of  potaah,  and  ia  thiu  disliiigjuii^heil 
fimm  oxiohlorido  of  antimony  pmcipitated  undor  similar  eonditiout. 
BiamnthoiH  chloride  combines  with  hyilmdiloric  avid  and  the  ulludino 
chloridea  to  form  double  salts,  and,  like  SliC!,,  may  bo  mixed  with 
«onoenlmled  solutions  of  thcie  oompouoda  without  undei^oing  decom- 
povitioiu 

7'bo  coinpounda  of  hiMnuth  with  btomino,  iodine,  and  fluoriuo  aie 
BiBr,.  /f'7,.and  Bif,. 

371.  Blamntb  and  Ozygeo.  —  Metallic  bismuth  doea  not  torutah 
[ft  tha  air,  but  at  a  K>d  heat  the  melted  motul  vluwly  uxiili»«,  utid 
before  the  compound  blowpipe  it  bums  brilliantly.  Tlie  proihict  of 
the  oxidation  is  Bismothoua  Oxide,  Bi,Of.  The  mmo  compound  is 
obtained  by  subjecttag  the  iiitmte  to  a  low  nul  hmt.  It  ia  a  pale  yellow 
powilf^r,  which  mrlts  at  a  full  t<?d  h<nt  to  a  d.trk  y«lloir  liquid.  It  ia 
insoluble  in  wntor,  nn<l  will  nat  directly  conihiiie  with  it;  but  by 
panting  K  minlion  of  biamntbous  nitrate  in  dUut«  nitric  add  into 
dilute  ai}tu  ammonia,  or  into  a  solution  of  potaiwio  hydmto,  a  white 
hydnte  of  the  metal  is  pre*.'ipitated.  Thia  hydmto,  when  dried,  haa 
tha  oompoaition  OBrO-H;  but  there  am  rouons  for  boliering  that 
tbe  pnwipitalA  falls  of  the  compoeition  BnOjiI^.  Ity  a  gentle  h<at, 
or  by  bailinK  with  eauxtio  alltaliM,  all  the  water  ia  expelled,  and  Bi,  0, 
i»  left.  Biamiithoua  oxide  ia  a  decided  basio  auhydrido.  It  ia  dia- 
K^Ted  by  hydrochloric,  nitric,  and  aalphurio  adda,  forming  doiinitc 
salts,  ^evertheleaa,  by  fusiug  tbe  oxide  with  *oAia  rarbonnto,  an  un- 
•taUe  compound  ia  obtained,  in  which  the  metal  i«  the  negatire  radical 

II      (NirO-BiO). 

H       By  passing  cbbrioo  through  a  solution  of  K-O-U,  holding  Bifi^  in 


I 


476 


BisxcrrH. 


,  ■  nd  d«po<it  tt  obUiiwd,  vhicdi  is  k  tnixtarv  of 
acid,  B-O-BiOj,  kal  bUmntiuc  ubjdhUo,  Bt^O^. 

2  a- O&O;  +  <4  ATCf  +  i^  O  +  J^ 

Tbs  two  pcodseto  mmj  b*  »^«rt«d  bjr  mtMiu  of  «oM  taSot  < 
wUkb  (UaolvM  only  th*  «ihydzi)U.     Dismathic  «cid  din«tniiii 
•ulntioD  of  pDtBMie  bjdnta,  ginng  a  Uood-ced  soliUiuti ;  bnl  khi  i 
obtuiwd  OB  anpeotioB  u  tut  na»<>blet  and  u  decoinpawd  bf  i 
waddng.    Tbo  other  oompeunda  at  the  fteid  an  lUtle  kaon. 
ICBtpctMora  of  ISQC  Um  nd<olaRxl  icid  u  rraolrvd  into  watv  .i:  ■ 
brown  >nh7drid«. 

Buautliic  aDkjdnde,  wh«t)  gectlj  heated,  cbaujtu  ialo  u  >: 
aiMliate  oxide,  Bi^O^,  or  ntber  iato  a  nuxtoie  of  Uiia  onb 
6t^0,.     If  baatcd  in  a  cnirenl  of  bydrogen,  it  u  at  oaoa  •owplM4| 
reduced  to  tb*  lowar  dagm  of  oxidUtou.      Whnti  bealad  wot  <*| 
photic  or  nitxK  actd  it  avolvea  oST|;cn,  {itxMlucing  tiiunutboat  wC, 
or  nitiat« ;  and  wbeo  boated  with  lijrdiocblorie  acid  it  ovoln*  eliL--  J 
yielding  bnniBtbotu  chloride. 

372.  BUmatfaoaa  zntrata,  BU0f{NO^.b  II^O.  t«  tji    ej  ^.  r  | 
potlaut  (if  tiie  lolu  of  bismnlh.     It  fbau  Iwb^  (iKliqiManiai . 
It  nadily  disaolvM  in  wat«r  atroagly  acidified  with  uhrie  tuA,\ 
when  TOAntiA  with  a  large  toIurm  of  wat«r  it  is  dMonp—d.) 
whih!  bau«  nit  of  eon^what  TuiaM*  oonspoaition,  tunnedy  i 
Uagutory  of  Itinnnth.  ia  prectpitatad.    Th«  fint  {mcipitatB 
to  «oaaiat  mainly  of  tlio  compound  Bi*Of{XO^),B, ;  but  ibuiti 
or  baa  deeompoeed  by  the  RithMfpHnt  vaabinfn.      Tba  prodni  ill 
Cenendly  known  ea  the  Stibnitiate  of  Bismuth,  and  ii  H 
anally. 

•173.  BUmnttioaa  Solphat*.  —  \Vbra    bieintitholu  oxida 
in  ralphiitic  acid,  the  normiJ  «alplut«  Bi^O^SO^\  b 
twnxtrA ;  bat  when  the  aohition  is  evaporated,  this  Mtt  iaar< ' 
part  of  ila  acid,  and  tbe  yellow  product  obtained,  whan  tln' 
gently  heatad.hae.approximatdy  attoaat,  thu  Rompoidtian  (£• ' 
altbongh,  being  eadly  decorapoaed  by  beat,  it  ta  diBealt  v- 
Goinponnd  in  a  pnn  Mtvdttion.     The  fonaala  of  tbe  Im^  r.::- - 
al«i  be  writtra  OBi-O-yOj.  ff^O,  and  the  fonnatiMi  of  ■lb'" 
typn  i«  clMinct«ri»tit  of  thu  cIom  of  eleneiita  wa  are  itedyi^ 

374.  Blamnth  and  Snlpbni.  —  The  nativ*  sampaBodrfli" 
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ud  nilpbiir  alranlj  mentianed,  ffifS^,  w  <«™™pimwL^t%.Ali1h>fllBir 
01anc«^  SbfS,,  which  it  utowly  Maerablea.  Hie  mmu  oampvaaA'Vmf 
)m  obtaineil  by  fludiig  IfUinuth  with  culphur  iu  proiiL'T  proportioDS, 
and  oUo  by  {>aMiiix  J/fS  thruugb  the  *olutl»n  nf  k  bivmuth  salt.  The 
procipitatril  *ii!]iliitlu  in  blnr.k,  luiil  in  not  iljsaglroii  by  Eitknliot^  hydrates 
or  8ulpho-hydrnt<«.  It  is  alto  insotublo  id  all  tiio  tuiocnJ  adds  wlwn 
dQute.  It  diasolretv  howover,  in  common  nitric  acid  whmi  hot  But 
if  tbo  MsulU&s  soltitioD  is  mixed  with  water,  iuuhI  of  lh«  bUniuth  ia 
agftin  precipitated  as  basic  nitmt^i.  ^Vlivn  buutod  in  the  air,  BifS^  is 
oxidize*!,  and  yitdds  SO,  iiml  £i,Q„  which  molt  to  duk  joUow  glob- 
nlcB.  Biiiciiitboiw  aulptiide  is  a  sulpho^nhydride,  and  the  following 
miaenls  tuny  bo  rcgardod  as  enlpho-biiimutkitee  :  — 

Kobellito,  OrUiorhumbic  1  PbJS^i,^ 

Kt-wUeOre.  "  ([C«J,/'A^L<ys.', 

Willifhonito,  "  [0'i,yiS^lti^ 

Emplocrito  "  [(^")]--S'5'i-5i 

375.  Cliatactailstlc  Reaotloos.  —  The  decomposition  of  the  sola- 
bl<!  Balte  of  bismutli  by  water,  with  the  formation  of  an  insoluble  basic 
*alt,  in  tlie  most  uharacteristic  TcAction  of  this  metal.  The  salta  of 
biraiiith  are  eodly  reduced  on  charcoal  before  the  blowpipe^  and  yield 
a  metallic  bead,  surruunded  by  a  yellow  coating  of  oxidei. 


QUESnONS  AND  FB0BLEM8. 

mtroKea. 

1.  In  or«!er  to  dntMmine  tbc  compowiion  of  Ihtt  air,  fifiS.?  eTw.'  of  air 

rawwan-d  under  a  premun'  of  fta.76  c  m^  and  nt  b'A,  wen-  wiitil  iu  m 

ru<Uonn.-li.>r  tube  with  a  qiwutity  of  pure  lydrugtu.     After  addHlon  of 

liydnvenlbo  roliimc  niMeureil  l«0«J."  .Tm*.  under  a  pressure  of  69.11  cm. 

Tbe  mixliiK  wni"  ncsl  uplode-l  hy  nn  clwtrie  epark,  and  after  the  explosion 

die  residnnl  pu  intBWure.1  W"X7  r^'.  uiidi:r  a  prewnro  of  49.14  c  m.,  and 

at  5'.6.     R«)iiired  the  forapn*iti<«n  of  air  I7  volume  In  100  parts. 

Solation.     By  [11]  !t  »ill  be  foonil  that  the  three  rolumw  girtn  aboro 

wonld  have  mea«ur«l,  unilpr  ibe  normal  conditions  lapectirtly 

eSI.SO,  897,59.  and  MiT.39,     The  absorption  due  to  the  coiii- 

tustion  of  thp  hy<ln)3«i  i»  then  397,3  —  Wff.S  =  390  ^^     Of 

this  J.  or  l*^  !■"».'.  wiu  osyRen.    TTrmri>  «2l.2f>  iTm.'  of  sir  coo- 

taincd  130  C^.'  of  oxygen  wid  401.2  iT^*  of  nitrogen,  ot  100 

parts  contained  S0.92  oxygen  and  79.08  nitrogen. 
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Ukeo.  Aftar  •ddJtkin  of  hydtngcn,  the  Totniw  inaaHirad  IOU>  Ta^ 
at  70.31  G.  m.  aiul  (fA.  After  uxplonon,  the  volama  wm  mborf  ■ 
898J  (T^,  at  &1-36  c  m.  ud  Ci°.&,  B«>iDir«d  tlia  cDtD|ia«tiaB  <tf  « If 
Totume  in  100  paitd.  Ana.  Oxjrgca  £0.1113,  KtUupo  Hit 

2.  On«  cabk  mntro  of  dry  *ir,  me—BTcd  under  nunml  ODaiilMHtl 
jMUMil  over  ignilul  cappei  luinu]|f!i.     Uow  mudi  inuBt  the  •npim  hm 
ciw««d  in  vG^ht  t  Aiu.  SS9.& 


4.  In  preparinf;  aitresen  gu  by  [S63^  wlut  rolume  oT  iuin«<n  n  * 
tuna!  for  eretjr  litn  of  cbloriiie  as«d  I  Abk.  j  irfita 

5.  Wliat  vd([ht  of  nitric  add,  ^.  Gr.  s:  L<7,  c«n  be  oiKlr  biM  0 
Icilo.  of  BOila  nitre,  snd  wbol  weigbl  of  inili>liuric  ncti!  mntf  be  aid  'a  h 
prooew  [266]  1  Aiul  196  kOo.  of  snlpbttric  acid,  1U.4  fiteui^ 

6.  Wben,  in  the  prepwatioD  of  nittic  acM.  two  nwlecalv*  of  »R 
oMd  u>  eadi  molecule  of  nlphurk  aci^  ono  balf  of  tbe  dlric  tcil  vfiM 
off  with  gicKt  mxlineM :  bat  to  oboiB  the  aocond  haU  we  mart  bal  dt 
■wteiab  to  a  much  higher  Usnptntnra.  In  tlM  fiiM  Ma^  of  ibf  nrilB 
aodk  binlpWe  u  fomod,  and  in  tbe  icoond.  neatral  Mdi«  siilpliaiit.  *A 
tbc  two  (ucccMTc  nactianik 

7.  How  aiutb  Bulpbnris  acid  ■■  required  for  tbe  dMnnpaiilte"!! 
mamifa  nf  |inlM«li  iiilialuT  Atm.  tOtfm^ 

B.  Write  ibe  noittioa  of  nlttjc  add  on  aolpbnr,  -turning  Uiat  llw  JB^ 
ar«  tnlpbaric  acU  and  Bhite  wride. 

a  WttU)  tbc  iWKtioa  of  nitric  acid  cm  copper,  aoKuaing  that  tk  jauM 
are  cnprie  nitrate  and  tdtrk  wM*. 

la  How  moch  nitric  add  ISjp.  Gr.  1.828)  ia  nqutrn)  lo  i&Min  tC 
glmmiiNa  of  copper  t  Atta.  lOT-Cfll^ 


11.  Uow  mncbla  rtqnircd  todinolve  IflLTgnauDaaeviiricazibl 

Am.  73 JI  fBM* 

IS.  A  qnantitjor  plaatbie  nitnto,  weighing  Ol8S3  ^inm^  nik* 
*fj*^ti'-^  OMt  i^nBuiw  of  plombie  ooido.  B^  Miather  4«lKfWMtfai' 
Rpptnn  tW  1.334  ^nmuacti  of  tbe  Moie  nit,  itnuiMl  in  a  |)^  tala^ 
eopper  tttrsin^  jicid  ea34  r^' of  nitrogen.  Dmlooe  tlie  puiwaiy  ^ 
poattioi  snd  ntnbol  of  nitric  acid,  •amniu):  lU*t  tbn  compMtiaorfFbafe 
oxido  and  tbe  atomie  weight  of  lead,  oivgen,  and  nilnieHi  an  fa^* 
Wbat  reanon  ban  yoa  tot  «t™-'*ic  that  tba  atai  mnlaarik  imMmt  "1 
oae  atom  of  birUrogea  I 
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13.  WriU  the'iUlfaV'af  nitric  add  ob  pbotphoni,  tWHainR  dui  plim- 
honc  nirid  unci  «M|.MiMOK  of  the  uxnlca  of  uilroi^ti  &i«  the  product*  of 
I  rewtiotu  "II 

H.  Illimtratc  by  in«in»of  &  Uble  thorelallona  of  llie  various  nddi  uul 
li}'drid<M  wbivh  uiaj  be  theotctically  iterived  frcoi  ortltoiiiitic  acid. 

ni.  111  nitric  add  tiiid  tli«  nitiatM,  what  is  tbe  qoontiTaleuca  of  nitHigcu  1 

I  ]6>  III  nitrous  acid  and  the  nitrite^  what  is  tb«iiuiu)tivB]enc«  of  tiiuogmtt 

17.  Illustrate  by  means  of  a  titU>.'  tbc  relation*  of  tlie  various  acids  and 
bjiltiites  vhicb  mnj  be  theoretically  clcrivod  front  ortboiiitrons  ucid. 

i.18.  Can  n  nitrite  crci  be  isumeric  with  a  tiitmte  1    What  u  the  M*cntial 
IfcKncG  bcturvcn  tlic  two  doastn  of  compounds  ? 

UK  Can  niltogeu  uoiMxiilo  be  r«ganl«d  as  ibo  anhydriile  of  brpouimiu 

I) 

*K).  The  Sk9.  dr.  of  IfOt  vapor  ier«rred  to  air  has  be«n  fontid  to  be  1.72. 
'  don*  Ibis  vidu«  agree  with  the  numbtr  deduced  from  theory  1 

El.  Willi  what  volumes  of  oxy^n  gas  must  one  litre  of  XO  be  mixed,  to 
epare  twpectijtiy  J^.O,  and  JVO,  ? 

52.  The  Sp,  Or.  of  JVO,  wr.iiM  tiecm  to  comjiel  lis  to  assign  to  tho  com- 
the  symbol  we  baye  ndnptod,  ami  the  name  group  of  atoms  at*o  oon- 

■taatly  acta  an  a  unifolanl  tadicAl.    Can  you  hamioDue  tbetv  bets  wilb  tbe 
theory  of  §  &4. 

53.  Wliflt  voluni*  of  osyKcn  i*  required  to  ooitvcrt  3  grammea  of  IfO  (in 


pre*cncc  of  water)  into  nitric  neid  I 
,  JU.  Write  the  rcuction  of  A'<?(  on  caldc  hydrate. 


Ana.  1671.6  i 


|ISS.  In  the  preparslIoD  of  tiO  by  [S80].  why  nhouli]  you  stittdpate  ttiat 
'tO,oT  even  nitrogen  gas,  might  be  evolved,  when  the  iiitric  add  was 
rly  exhaosted  t 

I  $6.  AnnlyM  the  reaction  [SdOj,  and  represent  the  two  stage*  by  •quimUi 
knaiiona. 

_S7.  Analyw  Die  reaction  (SSl^anddelerminu  the  amounts  of  the  diflcKnt 
on  which  should  b«  u«ed  in  onler  lo  molie  tO  Uuea  of  HO  giu. 

^SS.  Write  the  reaction  when  Tenons  snlphat«,  solpharic  acid,  and  niUe 
I  heated  together. 

'  29.  The  JBp.  0T.  of  yo  referred  to  air  it  1.038.    How  dot*  thia  compon 
ilh  the  theoretical  nutnbcx  I 
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30.  WIieB  MNlium  k  li«at«d  in  «  oaDftn«d  qoantitjr  of  ilTO,  tlw*olnari 
the  giu  i*  ndueol  to  one  tmlf,  aod  Um  naidw!  is  fotmd  lo  ba  jnam  niinfK 
AiBuiuing  lliut  tli«  Sp.  Gr.  ii  kDown,  abow  Uwt  tliis  bcl  prorai  tetti 
sjnuW  WL-  l>!iv«  UBujjutil  to  ibe  mrapouiKl  muM  Iw  oonvct, 

31.  AnolvM  reocttOD  [STT^  «Dd  aboir  in  what  it  diffei*  Cram  [Mt). 

32.  yVlM  wdgbt  and  what  volnmo  of  !ftO  cut  be  oMaJaed  frna  l*'- 
gramiDM  of  nnunonic  niuntc  t  Ant.  I3S  gnuonM^or  6UibK 

33.  Onelitnof  A'0«i]]7ieU1i]r[a78]«lut'rolaiiwor;v;0( 

Au-fto 

34.  Analyw  roaetlcn  [S79^  aoil  r^reatnt  tb*  two  Mafcn  b;  •f^' 
eqiutious. 

3&.  Wbftt  erid«Doe  i>  gfren  lliat  ^^,0  i«  Im  BUb1«  tluui  A'O  I 

36.  When  •odium  b  heaml  In  /f^O  no  duutga  of  volume  nnilt»,  olAt 
raiiJue  ia  pun  nitiu)^.  The  Sp.  Ur.  of  ift'(^  U  Si.  DcUuce  £na  te 
facta  the  ipnbol  of  ibn  CMiipountL 

37.  Wliat  volume  of  ffu  would  « litre  of  KiO  jidd  vImb  dMOapMri  l[ 
but  ?  Am.  1)  bv 

38.  Wlwt  u  the  quantival«nce  of  niiragm  in  tffO,  and  wbat  a  IfO  ■ 

39.  WliAt  ue  the  rclatioitf  of  tb<  oxjchloridcR  of  tiitTOf:cB  to  th*  mfat 

40.  Wliftt  «ln>ng  roMon  riaj  he.  addnced  for  doubling  Uie  arnlMili  rfnt 
of  tli«  oxidca  of  nitrrtj|t»  t  What  unnnwnt  cm  yon  tuge  in  fam  «f  Ai 
•j^nbcb  adopted  in  ihi*  book  1 

41.  WliAt  in  the  KpMific  gravity  of  MBiBoain  pianttmA  tAoir.  ibJ«U 
ttferml  to  b;dru);i!ii  1  Aiu-  OJW,  nd  U 

43.  '^VIiBt  wonld  be  the  Tolune  of  3.0464  grmaaoBa  of  i 

SiS'-Siuid  39c-m.l 

43.  Whnt  w«ghl  of  4m&lOoI&  wonJd  be  obtubied  from  vmt  Iftre  el  J^M 
nulion  [»0]1  AD<k  O.T«UpM» 

44.  AromnnU  ff»  n»j  aim  be  fotmed  by  tlie  actioD  of  BMlaB'  I* 
(when  in  contact  villi  plattaum  or  iron)  on  a  mixtura  of  4  bttala  •<&> 
•olutioii  of  potaak.    Wiito  tbo  ranetion  [911^ 


49.   In  onlvr  to  detennine  the  amooBl  of  nitric  add  piMnllBa 
of  crude  aod*  nittv,  one  giamine  waa  tn«ted  u  tn  Um  Uat  tiMrtiift   1^ 
uninouia  evolved  waa  cotulttcMd  into  a  Kdution  of  b^ilncUnnt  adC^ 
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Bbwqnjantlf  predpibiUid  with  pLktinio  chloride.    Thia  prNijuUte  w^I^hed 
1017  gnunmea.    What  W4a  the  pur  cent  of  pure  nodu  aiitv  1      Aat.  SQ%. 

I  48.  Jn  onler  to  obtain  10  litr«ti  ut  auuuonU  fpa,  haw  many  grnmniM  of 
I  unmoiiUi;  mtut  be  talicn  )  Au*.  23.00  gniniDM. 

47.  What  voliimn  of  nitm^n  wonM  bo  formed  by  binning  oue  litre  of 
aonk )    Wriui  the  nuctiou.  Au«.  J  litiCb 

46.  When  itn  orgniuc  inibatiiiice  i«  heated  with  «o<Ia  lima  (a  mixton  of 
Mir  luiiU  And  limv),  all  thu  nilrogen  present  iievolvud  u  otninonia,  whidi 
ay  be  colli^ctecl  iji  byJrocliloric  ufid  lud  cambiniid  with  (ilntitili:  rhiarid* 
*••  above.     In  a  (lirni  dFtennlnulloo  the  weight  of  the  iirrcijiitnlc  ihiw  ob- 
^Untrl  waa  3.833  gtnmmes.    ^Vhat  mt  the  weight  of  uitmj^n  in  the  eom- 
Dtwd?  Aas.  O-IW  gmmmc 

40.  Deduce  froin  th«  Raulta  of  the  eocHoaotric  «3if>?rinienU  dMCTlbed  in 
f  317  ihe  tyuikil  of  amnioDia  gas.  Uoat  wo  know  ihc  q>eciflc  gnvilj  in 
OltUr  to  ill  the  formula  definitely  1 

(lOO.  Show  (hut  the  twiilt  of  tho  experiment  with  chlariae  gpa  oanfimu 
I  fonnuliL  ju*t  deduced. 

81.  The  nmidea  way  be  tlerived  from  the  corresponding  adds  thivugh 
i  RphKtoicnt ) 

68.  Explain  th«  moaning  of  the  lerais  batk  and  cUcoholkj  as  applied  to 
I  Atoms  of  hydrogen. 

Its.  The  nitriles  ($3^)  may  be  Kgarded  u  cysnidei  of  what  mdicalat 

IM.  Why  should  you  anticipate  that  the  imlde  compounds  would  have  an 
Bid,  and  the  nitrilc  compounds  a  banc  character  I 

'  66.  Write  the  rvnclioris  which  Ulte  place  whco  acetic,  benxoic,  kctic,  and 
:  acids  combine  with  ammatm. 

^66.  Write  tlw  reiictinna  corrospondiog  to  [SOi  and  30^],  using  the  sodium 
,  of  Uic  onimiiniuiu  salt*. 

I  67.  What  proof  do  yon  have  th»t  unmonium  is  a  uniralent  radical  1 

[  68.  What  per  c«nt  of  NB^  does  the  platiaun  aall  contain  I 

69.  When  aqua  amrooiuA  in  iwldeil  toa  solntino  of  f«m'c  cliIorii!e,(F(^(\ 
ric  hydmt«,  (ftJ/Zn^  is  precipitated.    Write  iho  reaction. 

>60.  Write  two  itactioDs  in  which  aqna  ommoDia  acta  tilu  aaolutiooof 
•■  eoda,  and  two  olhett  in  which  it  does  not. 

81 
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SI.  Write  t]te  iMotlon  iritkb  tain*  plaoe  wbca  m  aiztvn  of  i 
^ori'le  vilh  calcic  carboDAto  i*  •abUtnod. 

02.  Write  tbo  ToLction  by  irbkh  the  inbUinod  aahaataia  whra  upgnl 
ta  the  air  chonga  to  tbc  acid  e4U'baiiBt& 

63.  Whuii  atolulionof  anmioiiicchloride  liboQed  witb  > solntion  nf  c 

tie  soda,  aniuioEiia  gas  b  erolved.    Wril«  the  i«acltott. 

64.  Wriu  tbe  KymboU  of  the  c«m|>iimidi  fomml  by  th«  onion  rf  tto 
■mitiM  dsacribed  in  {  318,  both  wttb  byiLnxblorie  agid  and  wiilt  waltr. 

65.  Wriu  tbe  sj^mbol  oT  the  auuBoniiua  Imum  whicb  containa  Uia 
pbenj'l,  C,//f,  amy],  C,//u,  ethyl,  (^0„  and  methyl,  CU,. 

06.  Show  TChftt  AilTeront  coinponnilii  ntay  be  faini«d  by  the  dabvinba 
of  the  acotaio,  Wtntc,  luid  czalatc  of  MDiBoaia. 

67.  ilaw  much  licot  would  be  dcTcloped  by  tlw  cxplooton  of  one 
of  chloride  of  lutruf^du,  imd  to  vbat  tnoring  power  d<>«a  this  cumB{u»il 

68.  Wlial  inftflWDoe  ahouLd  yoa  draT  fiom  tbe  heat  oC  fonmlim  d  ul^ 
l^n  eliloridu  in  luganl  to  tbo  force  which  iiiut«a  tlie  atoou  in  tha  at/uk 
of  citivgen  £a«  1 

69.  Ci»Dpat«  ib«  liMt  of  fonnatioD  of  S/>  and  KO,  koA  ommUs  Iwk 
ihiB  eipliLiiis  tb«  re]atiT«  ttabiUty  of  the  two  oxidei^  atkl  the  Tri-'^:='^ 
wliiclt  iLey  are  susceptible. 

70.  Doe*  tli«  naction  [27T]  coDfann  to  the  principle  at  T^j-mm  irf 
({  70,  pTopocdtion  second)  I 

7t.  Hoirnnidi  heat  bcTolnd  IB  thtnutiosSSXilf-^  SKIS  =  NH^' 
Fboaphoma. 

73.  'lliu  Sp.  Or.  of  phospbarus  mpor  ha*  b««ti  obaerrod  to  W  UAi^ 
accordiug  to  Deville  no  tnnterinl  change  !i  tBc^XeA  by  a  tomptnmi ' 
1,040°.  Moreover,  the  ipc^cific.  ^nivilin  of  ili«  vnpors  of  tbc  foUowtmB* 
ponnda  hnvn  been  dctermtned,  and  alto  the  per  cent  of  pho^thar*  aSi 
they  contain. 

PhoephutPttcd  IIjdTOiten,  17J  »tl8 

Fhocphonnu  (Hiloridc,  68.4  ytM 

Pbcwphoric  Oxycbloride,  70.6  KLU 

GiT«n  thcM  remilta  of  obwrraliiHi,  show  hnw  ib«  ntomk  wrifhl  d  fl» 

phoRu  and  thn  ■■"*■«■*■■■  «artinMi<m  of  iho  •letBeatny  ankriUK  aafli 

determined. 
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tX  Tin  atomio  weight  of  phoapbonw  nov  nc«ii«d  was  (bund  by  Imm- 
inj;  •  knotru  vruight  of  nd  pbospbortu  in  ptrfeotlr  Ajj  aIt,  and  wctt;lung 
the  pluMphoric  anhydride  thu*  Conned.  iLwuming  that  ana  gramme  of 
[ibiMf)h«tu*  yield*  S.29D3  grnniiim  of  phopborie  anhydiide,  what  muH  be 
the  uomic  wditbt  of  photphonu  1  How  for  doc*  thu  cipcrintant  modify 
ihe  oooclueioii  raaabed  in  the  hut  problvnt  1 


74.  Uuw  much  phoqihonu  can  be  obliuiied  Iiom  9.3  lulo,  ot  pun  calcic 
bueph«t«  hj  [309]!  Am.  1^  kilo. 


■.74 

^B   75.  C»a  you  discover  any  connection  between  the  dSffLTcncn  of  ipccific 
^Bm(  of  the  two  nrietlee  of  phophonu,  and  the  dlfliei«iic«  of  ualurilic  poww  1 
Does  the  ftrat  diffcrance  wholly  expkin  the  lut? 

70.  Show  that  the  difTcirot  vnrictin  of  pbovpbortc  add  aujrbe.dMitvd 
bora  lh«  owumcd  pcnutoroic  ucid  by  nuccauiTo  dehydratjon,  md  hulIu  a 
table  whi«h  iihflll  exhibit  the  dilfuRnt  pa«iblc  dcrivntivca  of  thie  oompound, 
•ad  owign  nomci  which  will  indiwte  Ui«ir  deiimtiou. 

77.  Taking  commoti  photiphorii;  ncid  lu  the  stnrting  point,  in  pkce  of  the 
HUined  pcBUtamic  acid,  ehow  huw  the  differant  nriclio*  of  pbo^oric  acid 
nay  b«  dciluccd. 

T8.  What  bthobaridtj' of  pbaepbonnuand  hypopboepboroaeacidel  and 

whut  ia  the  (|uiuitiiratunc(!  of  phMpboruii  iu  thveu  cuiujiuuiidi'  t 

79.  Whnn  cither  pho»phoroi»  or  hypopbtwphoromi  acid  in  licnlivl,  it  brraka 
.       up  into  common  phuvpboric  acid  and  J'll^    Write  the  rcuctiun  in  each  cotie. 

I  SO.  Compan  togethw  the  nitrataa  and  phoi^hatea  of  tlie  univalent  and 

biralent  ntetullic  Tadicals. 

f^l.  Write  the  reaction  of  a  eolntion  of  ar^ntic  nitrate  on  a  aolution  of 
I      ctunmon  iodic  pboc^hate^  and  *how  why,  after  precipitation,  the  aoluti<at 
mnrt  be  acid. 

R2.  Write  the  reaction  which  takta  place  when  common  iodic  phMphato 
ia  bcnUnl  to  redceu. 

83.  Write  the  reaction  of  a  aolatlon  of  argentic  nitrate  on  a  eolution  nf 
■odic  pyrophosphate,  tf  the  first  salt  is  iiaed  in  exceo,  why  mutt  the  tolu- 
tioB  alter  the  precipitation  be  neutral  1 

64.  Pyrophoephoric  acid  may  be  prqwuwl  by  flint  nddinn  plnmbie  acetat* 

aolulion  of  swbV  pyropbosphat*^  when  plumbic  pyrophosphate  it  prccip- 

I,  and  thvn  dornmponng  thin  precipilat<i  nunp^ndKl  in  water  with  ttJS, 

The  aolatlon  tbiM  nbtnined  crapoTOtcd  <ii  vaaie  (pvta  crystils  of  the  com- 

IMan^    Writ*  the  reactiooa.    Whj  may  not  the  aolntiaai  be  ovaporaKd  by 

hetf  ia  tba  nnul  way  ? 


I      tioB« 

■to«« 
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SS.  Write  tbe  raKtJoii  wbicb  take*  pkc«  wbcn  PM^  bnma. 

8S.  Write   the  »flnbol*   of  triiiiclhjt-p)io)))liine  ;    tetimitu:Ui7l-p&^ti> 
nimn  hydrate ;  tiiiacthf  l-omy I-plwB|ib>aiiuun  iocUiU. 

87.  Write  tb(<  (ftnbol*  of  the  platinum  and  gold  anits  of  tetia-Mhrl-jb 
phonium,     ({  30&.) 

88.  WriU>  Uie  ti/mbolB  of  Irfelbjrl-pbosphiM  oxide  and  triMbyl-iJwfUM 
iodId&    Hour  iloe*  the  ]wt  •liSer  bom  trietliyl-phcepliouluu  ioUiile  I 

89.  Explab  Iheuaeof  KT^aa  ■  ragont,  and  ^vo  iUaitt«tkuDfiCif» 
cnlisr  acliou. 

do.  Cu)  fuu  dcviic  It  mutbod  by  which  the  teoction  [31 3]  maj  he  tf{U 
in  the  pntparaliun  of  phcBphoroua  add  t 

91.  Dnci  tbe  reaction  [310]  iLiow  mj  light  oo  the  mtetUntioi  <tf  |k» 
pboric  acid  7 

9i.  Whnt  different  di^T«»  or  <iiiiinlir«lene()  tlooi  phospbonu  nwoifata 
tliociiinpoundolracribcd  abovoi     Point  out  the  exUDplea  of  Mcb  MadHk 

S3.  Make  n  Kumioatjr  of  Ibe  memblsoce*  ami  iliOcivtiCM  bttwza  ti 
econpouiult  of  nitrogen  and  Hum  of  phoophonu. 

Anonto. 

04.  HepKMnt  I17  graphic  irnibnli  the  cnnBlitulioD  of  MispicfccI,aBil<ln 
how  it  U  poMhto  tbttt  the  douhlo  atou  of  mlphur  should  icplan  the  ibaii 
Mom  of  oncnio. 

S5.  Whal  dhonld  be  thcoretlcallj  tbe  apeclAc  gntvity  of  uMode  t^» 
femd  to  ail  ?  Am  W 


96.  CompATC  together  the  fomialte  of  Ditrotu  and  nnMiimis  tolt.  »i 
point  oat  their  tclationt  to  each  otbw.  la  phosphoroua  acwl  alliMl  o^ 
other  two  I 

97.  Wribt  the  imctiong  hy  which  cnptic  and  argnotic  usoillet  an  Uad 

09.  Write  the  syrobolii  of  the  thnw  hjriitntc*  of  anenie  acid,  aial  gi*i  A* 
namca,  following  the  analogy  of  phoapboric  »cid. 

99.  !f  the  nnciiiatcs  [320]  are  heatul  until  nil  tii«  wator  is  czpelW.  ^ 
will  be  tbe  •rmhuliortbecompoinitdi' tettl 

too.  Write  the  rearCtioB  of  aigNdic  Dilnto  on  •■olutioin  of  dfWrfii 
conponnd).    [3S0]. 
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lOL  WtiU  tlie  («setioD  of  a  eolation  or  tnngncfic  milphoto  anil  unmooia 
I  >  Mhltioo  of  eilli«T  of  the  compomidg.    [32D.J 

103.  SUSn  the  dUTcrcnt^  between  phocpLoric  and  arienie  addi. 

103.  Write  the  reaction  which  bilcts  pl«oe  when  H^At  Lumi^  both  with 
1  BulEcient  and  with  n  limited  supply  of  oxj-gvn. 

101  flovf  niiiy  lb*  wuctioiis  dL-M:rib«l  in  {{ !M9)  be  wtei  to  iettct  Ui6  pcm- 
I  of  am-uit  in  a  su9i>eoled  liiiuiU  1 

10$.  Bow  conld  you  diecoTei  the  prownce  of  tbe  uMolc  add  fonued  by 
on  [333] t 

'iM.  8taU  tli«  ratembluicu  and  differencM  between  the  uninee,  the 
binci,  Bnd  the  oiunM. 

107.  Is  tbo  quanlivulcna:  of  aitcuic  the  some  in  all  the  compoundi  of 
dyl! 

I06i.  tn  what  ntipncta  doM  kkkodjl  jcKmble,  and  iu  what  doca  it  differ 
a,  the  corrupoMiing  compound  of  Jilioaiptionis  ? 

IOOl  Dow  the  relation  of  anwnio  to  chlorine  differ  materially  from  the 
tion  of  plioiphonu  to  ibe  aaroe  element  t 

1  Ift  Writ4'  the  Kaction  of  ffgS  on  a  solution  of  At/)g  In  dUoto  hydro- 
oric  acid. 

111.  Anfilyus  the  nwcUons  [33^-326],  and  givo  the  luunH  of  tbo  pn>- 
luct*  which  am  formed. 

lis.  Whnt  would  bo  tho  chemical  nanus  of  the  mtnersls  Proiintit^  and 
aarBik,  and  what  oic  the  comBpomlinf;  oxytpn  oompounda?  DoKoe  the 
I  of  oompounilfl  to  which  these  uiuumhi  belong. 


Antimony. 

113.  Why  I*  lh«  mol«cuhir  weight  of  antimony  doabtful  T 

114.  ThcorrticAlly,  what  weight  of  metallic  antimony  should  be  obtained 
1 ,030  kilo,  of  Antimony  Qluioo  1  Ane.  732  kilo. 

lis.  The  moat  common  impurities  of  commerdnl  antimony  ore  atnenic, 
n,  coppor,  and  lend.  Why  ikould  the  procoss  described  in  J  3ST  tend  to 
ore  Ibeae  BubMlanccs? 

1 16.  Write  the  inaction  wboa  antimony  bums. 
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117.  Write  Uie  leMthn  of  nitric  acid  on  . 
pruducts  an  ^1^4  ui^  'VQ. 

lis.  Write  tbe  nsdion  of  bj^lrochloric  kcid  on  Sb^^.  Wte  tA  fn- 
Tvnv  tli«  KsoMns  •okuion  bom  beoomiag  tuibid  when  utxad  wiik  msl 

lis.  Whit«li<MiUbeUi«ar«tkai]7tbe8p.Or.  oT^ftO^I 

190.  Wbjr  u  it  pntb)^  Uutt  llie  iluuUe  chloride  Q  336)  m  nokokr 
compoondaT 

ISl.  Wbra  ^Cl,  it  mbted  witb  atrang  BCi  ~f-  ^9,  wfaal 
Tould  Riudogy  lead  lu  to  tappose  b  fomal  in  U)«  MintkiB  1 

122.  Write  the  reutkm  of  cfalonse  gm  (in  cxoom)  qb  untiawnj  id  « 

153.  Write  tli«  rdution  i>f  mUr  od  StBr,  ami  5&/, . 

154.  Wiit«  the  reocljutu  wlwdi  51i,0j  diiMltrw  in  J7CI  -{-  ^  Ukl  J)^ 

ISG.  Write  the  reaction  when  Sh,Og  iimotrt»  In  cn»m  of  tartar. 

ISli.  Write  tho  reaction  wbon  tartar  etnMic  i>  bested  to  flOtf*. 

137.  Write  tbe  tjmbab  of  tlie  oMnpatuida  fomMd  bjr  dtaMtlriif  J^ 
AlgO^,  or  JiifOg,  in  oeaiu  of  tartar. 

ISfl.  Write  the  ormbok  of  the  ciNnpouiiib  of  tbe  Mine  cWa  darivel  ha 
Fe,0„  Ct,(\.  and  A,4,,  aauuning  thai  the  radioala  Ft,0„  O/t,,  aal  V 
repbw  tbe  .S&ti  of  tartar  emetie. 

ISO.  Writa  tha  rmctton  whca  to  a  aoliitKKL  of  latuu  ematic  »  attla 
tolulion  of  rnkic  chlorida,  knovitiir  that  tlie  oarrr*p»aili)i|{  jal^i™  t^ 
ponnd,  Iwing  inwiluble,  i*  ])t««i[iitiitod.  Odctum,  it  muat  ba  nm^timA 
lakw  the  place  of  two  atom*  of  polnNUiB. 

130.  Write  tha  tymhol  of  diaceti>.<iiothjIie  tartimta. 

131.  8tat«  thn  ttmitndi  fur  lite  diUiiKtioii  1>etwc<m  ilie  tbiH  a*  i 
hjitogfia  atoms  whi(;h  tartaric  acid  contalni.  By  vbai  nanea  da^M^ 
tbiguiuli  tbe  dilTervut  Mia  of  atoma,  and  vhat  cUier  nxamplea  ban  b« 
atndied  in  which  a  nnilar  dbAinctlm  ba)  baon  titMie  I 

13S.  What  in  the  naiaa  of  the  Mrapoood  fta,KjiOJSh^,}  Wriu  til 
naacUon  ofa  lulution  of  tbi*  reagcst  npon  a  aoluUon  of  A'aCL 

133.  On  boiling  its  tolutton,  tbe  add  potaeiic  pjraAatiinoniale  i^ir^B 
into  a  uieU.«iitiaoiuale  wbich  do«  ih4  pncipiUtt!  soda.  Write  tb  » 
aoticiD. 


1379.] 


4)OBST10»S  AKD   rBOBLEUi. 


m 


134.  WriM  Ibe  KacUua  (^  (HCl  -f  ^4?)  on  ^n,5b„  nwiniing  that  tins 
prod  act  i*  NgSb, 

13&.  Wtil«  tbc  nymlMb  of  tlia  elliyl  uul  uuyl  campountU  of  ttntiiuotij, 
following  lb«  Miolugjr  o(  the  meihjl  wmpouudii  urho«e  ijrniboli  an  giwn. 

_  13G.  Write  th«  tuoction  of  Iricthyl-rtiliino  on  hydnxlilDrio  add. 

™  137.  BepTt*«nl  hy  gmjihic  BjintKilii  tba  caiutiluliini  of  Zn^Sh^  and 
XttfSbf,  and  give  tbo  tjrinUiL)  of  oUiei  oorapouiid*  forawd  aft«T  tin:  moo 
type. 

130.  Write  ths  reaotion  when  anUnunuotu  oxide  and  aulpliut  an  melted 
togetlxtr. 

I3».  Write  Uic  KOL-tion  wbon  J/,S  i*  puosed  ilirough  a  tolutlon  of  tarttf 
otiH.-tic 

140;  AnalyMt  tmctionii  [3.13  -  33&X  and  oaniA  tlic  cla«s«a  uf  coinpoundd  to 
vbiob  the  Kveml  products  tjclonf[. 

141.  Show  bjr  oymbolii  the  Rlntiona  of  thtt  aMUined  BulphuT  Sclda  to 
wbicb  the  wveml  mlpliAntimouitea  are  mfetred. 

142.  Sxpluio  the  diMinction  between  a  chemical  Dompound  oiid  a  no- 
iMulor  aggr«gat«L  Wiiot  different  onlera  of  coiBbiiution  do  the  fact*  and 
lfa«  atomic  tbeotj  nxiuirc  of  us  to  atBunui  in  Kuch  a  minvnil  at  Tctrali»- 
driteT 

143.  Buw  ue  the  plienainena  of  isomorpliaiw  mbctilalinn  in  the  nun. 
end  kiugilom  to  be  tucpbined  in  bomiony  willi  tlie  ntomic  theory  t 

-144.  Write  the  reaction  of  ff,S  on  a  tolution  of  SbCl^. 

Kl40.  Write  the  itaclioa  of  hf  dnuhloric  acid  on  the  ptwipitotA  obtAiood 
by  the  lut  nwciion. 

^v  Blamuth. 

1-16.  Ri'prewnl  by  graphic  tymboL)  the  cooititutton  of  Binnuth  Glance 
and  Tetnuljinite. 

147.  Compon  the  qualiliw  of  metallic  biainuth  with  those  of  Lbe  olber 
tileiuentnTT  nulxitajKe*  bvluugin);  to  the  «ame  teriesi  considering  eapediiUy 
iha  eryatailine  form  and  the  apeclfle  gravity. 

14&  Write  the  reaction  of  nitric  acid  on  biuuntb,  anti  compare  thia 
iwetion  with  that  ef  nitric  acid  on  antimony. 

14B.  Write  the  reaction  of  nqua  regia  on  biamutb. 
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150,  CanpKN  the  wmpoiLiri*  •(  th»  aleobal  iMliiilt  with  tb 
BMDbcx*  of  Ukc  oilnigca  icnM  ol  ■**— "^  and  ymiiH  tfas  Mtj«a  ja  i 


151.  Whu  tke  diffmnt 


tr  «Wdi  AC^  Bar  be  fatuid. 


Hi.  Write  tba mKtun of  waltr  on  Bid,,  aad  tba  iiiiinw  •ha ai 


UX  Wkr  dots  Um  ptCMun  of  a  kRge  ■■ant  of  H^Va  |m«| 
aolalioii  of  £■£!,  boa  bwacniag  aaU4  wWn  mixed  with  wdw  I 

IM.  Coupan  Bid,  with  Uia  carmyaadrng  ■^WWrr  of  tbc  Mncna 
Wlal  iBfaiKDce  do  ym  dn«  boa  &  bet  that  Um  conpunnd  &GI,  ktM 
bcaa  otnainad  I  Ha««  aajr  eUxr  bcM  baca  iwrimial  paiatiay  h  li 
MBM  coBchwioB  t  Wbat  n  tba  avidoMe  tlMt  biianth  b  enr  qn^ 
valcati 

I&3.  Wrile  tli«  rcaetjoa  wbeo  btaMath  Immi^  or  ja  not*  d0w]f  noAid 

156.  Write  Uie  iiaill ftia  l^a^Whii  mHi^   ■  liwU  1  tea  Mai 

beaL    Why  in  Uila  pcwoa  ia  k  iBipnMaK  ts  avoid  •  Ugftar  Umfmamti 

157.  Write  dw  TcactMa  wiiGa  ■  loliaka  of  Iwniinilama  altala  (k  A* 
■ittic  leid)  it  pound  into  ■  Kdatioa  ofpotaHie  iQrdwe. 

ISS.  Write  tlw  ftactioa*  wbsi  hiwiiwifcow  oxida  diasolTo*  in  bjibnjU^ 
lie,  aitrie,  or  nlpharie  acid. 

199l  Ompaie  tlw  oxHa  •»!  kjdnUa  of  iLe  danente  of  Ike  laVpt 
■fie^  and,  bjr  Ubnloting  Uwji  aj^mbak,  d»w  that  tbair  nolecolu  ■«( 
toiMn  k  tmiogaox  Tlae^alM>,  tka  wrfaano  la  tbctr  fawpstU  »y» 
deHend  in  llie  teriM. 


xeOL  Write  tlia  wactian  of  water  on  triawathona  tutnu, 
die  taafe  mlt  wbnoo  tTvbol  i*  ^nn  alban,  togufa«r  witii  baa  aitat^ 
an  (be  naidtiag  pndocte. 

161.  If  Bi^iaodSli^t  an  pndpttiAd  tngtiUwr,  bov  Buy  ibamb 
atraniadl 

lez.  Write  tba  nadioa  whan  B^S,  b  wtod  in  a  cuzmit  oCdr. 

162.  T»  wluck  t^  tb«  thiee  daws  ef  ailH,  dia(tn|piUa^  ta  {  3S^  Ml 
Iha  nvcnl  aalpha-binBiithitea  be  leCond  I 

1S4.  Conpan  tlie  wtplw-aalw  tt  timai&,  auiaonrf,  and  cnoA  t 
point  out  tMr  mtnal  nJalkaa. 
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S76.  TAKADnjM.  F=M.3,  —  Trivalent  and  qainquiTaleDt. 
A  voiy  mm  tleioenl,  discovend  iu  1830  tii  tlie  iron  or»  of  Tabcrg  in 
^  Stredrn.  It  litvK  niiCQ  htxa  fuuad  iLMociutcd  witli  tlic  iron  and  ura- 
■B  nium  on*  of  oUiei  looaliluw,  oitd  more  recently  it  hn*  been  fonnd  id 
^  GODdidvrablo  quantities  ia  certain  retnorksble  netaUifetous  mndstODft 
.  owuning  iu  the  county  of  CliegUire  in  Eiigland.  Vanadium  is 
tbe  e^aontkl  coQtitituent  of  &  few  very  tare  niUicrutti.  Of  Uicm 
I  moKt  iiiipurluiit  is  Vuimdiuitv,  wliii:Ii  U  a  vanadate  of  lead,  and  M 
ely  naemliluK  tliu  uutiva  jitiiiKiihatn  nti<l  lumiiiale  of  the  aame  laebd 
'  l«avo  no  dgtilit  ttiatnll  thr(i«  bavo  a  similar  molcculaj' constitu- 
D,  aud  hoDcc  thnt  vanadium  is  a  pcriuad  ekment^  Uke  pboapliorua 
uaenic  Thus  ve  liaTe  the  fullowing  minerals,  vliiuh  are  all 
aq>hi>ua  vritk  eadi  oilier:— - 

Apatite,  ( (h^F)i'  Oj'iPO), 

PyKTootpiat^  ( Pt>i  Cn<«  Oj*(PO)i 

Winieline,  (/'ft,C0i.O^«(vl*O), 

Vanwlinilo,  {Pb/;i)-Oj^{rO), 

fTho  study  of  the  other  compounda  of  ranadium  lead*  to  the  nmo 

D«tiinoD,  ancl  Aawa  that  the  aame  character  already  noticed    in 

QQth  and  antimony  is  developed  in  this  element  to  n  atilt  higher 

Tlic  groop  of  atoms  VO  acta  aa  a  powerful  univalent  or 

iTalont  radical,  and  conihiii<yi  with  chlorine  or  replacoa  hydwigen 

like  an  ulc^mentaty  atom,  and  almoirt  oU  of  tbe  compoUDda  »if  the 

«l«incnt  formnrly  known,  and  which  can  he  ilin-Tt!y  ptt-poied  from 

li^lhe  native  vanadale*,  cnntatn  tliis  important  mdical,  now  callml  Vana- 

fl;  in  fact,  tho  radical  niWtanco  iVO\,  now  imognisod  as  on  oxide 

'  vanadium,  was  far  a  long  time  niiiitukun  fur  the  element  itaolf.    We 

svft,  for  cxampli:!,  ( }'0)CI,,  a  yellow  fuming  vobtilo  liquid  boiluig  at 

^36".7  with  .%.  Cr.  =  1,84   and  Sp.  Or.  =88.2;  al»o<FO)CT,  in 

|)riUi.tnt  grpcn  t-nhnlar  oiystok  ;  next,  {  VO)Ct,  a  light  fatown  powder ; 

ad  Uiiiy,  (yO)fCi,  a  brownish  yellow  powder  rMombling  moaaie 

The  tniQ  chlorides  of  ranadion  can  only  bs  pnpond  from  Iha 

I  or  iti  nitride,  and  the  air  must  be  carefully  exdudcd  during  the 

Jlta  following  bare  bocn  ivoently  described  by  Uoecoe :  VCI,, 
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« tnight  applo  graon  aolid  in  bexagooal  platc^  with  *  metmom  in 
rCf,,  in  brillknt  Ubolar  crptab,  with  eelor  of  pne^UuMom , 
rc/|,  a  dark  reddisfa-browu  vtilalil*  tiqaid,1waiti8Kt  IS't".  witfa^tic 
atO°=I.8^aiulSp.Gr.  =  93.3.  ThimBU*alM>i»iDpoai>diwbdiMf 
be  rrganlod  as  containing  tbo  qmdrinlttt  ntbcal  divsmdjl.  T,Oj. 

Tbo  oxiJm  of  wutditm  ue:-^Fli>t,  F,0,  s  broira  crwl  ftod 
hf  tba  pfo]pRg«<d  dxpotiDni  of  metallic  Yanadium  to  th*  ur.  gtrwJtt 
V,Ot  or  fO-YO,  obUiiwd  h  k  gny  mrtttllie  pmnUr  wtiai  tb  *^ 
of  VOCtf  mixotl  vritti  bydrogcn  b  puaed  over  nd-bot  "trfr^  H  ^ 
•oItm  in  dilute  sci<te  witfa  the  erohttmi  of  hfdiogati.  aad  WMmtk 
dtrprireil  of  its  oxyftnt  «xoept  witfa  Um  gT«&l«st  dilDcnltj.  Tbiri^ 
I^G^,  obuittcd  H  a  bkek  powder  wfaeo  F,0,  is  rednoEd  hy  bjiii^ 
ftt  ■  rod  facftt.  It  is  iiMohibIa  fn  wsidi.  Fuorthlr,  K,0,.  olilicaiJ* 
th*  form  of  bino  shining  crystals  bjr  alloiriog  l^<%  to  »bKirVa^ 
from  the  air.  Fifthly,  ^,0,,  vanadic  aahjrdridCt  S  browniali  nd  cq» 
talliae  aojid,  fusible  at  a  ted  best,  and  ■paringly  aoloUe  in  watA  Ql 
solittion  lta«  a  yellow  color,  and  ii  atraaglf  add  ;  but  aa  definila 
baa  been  dcactibcd.  Vanadic  anhydride  dtvolvetf  in 
phnric  acid  wbao  bailiBg,  giving  a  darii  nd  anlnliotL  IS  thti  ii 
with  fifty  timaa  ita  Toloma  of  watai^  and  boatnd  with  T'^iffi" 
lapidly  cbangos  color,  paning  thiaa^  all  ahadw  of  bios  and  gnat 
H  attains  a  permanent  Iavend«T  tint  To  «m^  of  tbaae  afaadaa  on 
SfModa  a  certain  d«f;;iee  of  oxtdation  ot  the  diaaolved  vanadian ',  ^ 
bright  Uae  to  F,0„  green  to  FA.  awl  lavoidar  to  y,0,.Md^ 
wag  luaa  active  todudog  agaola  tba  cfaange  mny  ba  named  it  ^ 
desind  poiaL  Tbe  Uvcndsr  aelntiaB  abnrfaa  racygoa  witb  aodi  in$t 
ta  "to  bleach  indigo  and  oUker  mgstahb colorio]!  mattMn n* qaid) 
as  chlurinc,  and  &t  mon  powBffttlly  Ibau  any  otbur  known  agaot* 

Proo)  vanadic  anbydiide  we  denva  tba  vuuulatca,  of  whkb  lk> 
appear  to  be  live  cbuaea,  oorreaponding  to  tbe  pbocphatea. 

1 .  Uota<ranBdatea,  as  in  Nff.-  0-  FC^ .  or  Z^*  O.i  Ff^i. 

2.  Pyrwranadalea,  as  in  JKi,iO,»  VA,  or  Pi^O\  V,0^. 

3.  Ortbovanadatai;  asiu  JtTa^C^'PO.  16/7,0.  or  Cb^(/,•^rOV 

4.  TetnTaaadatas,  oa  in  <3XV<^'^.0.  ■  *^0. 
&.  Uexnoadattt,*  «s  in  {A'ffJ-  O-  F»0„ .  6  i^  O. 


'TbM  noM  H«  tboie  adsfawl  by  Bmbo^  to  trhnn 

s  of  tba  raaaiUnB  eooipoanda. 


««aw«  neat  rf  NT  1 
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'  Of  these  fialta  the  metATaitndates  arc  the  most  and  th«  Ortliovniui' 
dattts  th«  Ifiast  stable,  the  rcveniD  of  wbal  is  tniii  iu  th«  cuo  of  tli« 
phMphaUn. 

re  tiiu  two  tiitridus  uf  vaoailium,  fCV^  and  T^'^.  The  fint  is 
{lowilor  DliUiacJ  by  acting  pu  (  V0)€{^  with  diy  A'//,.  ltd 
ipmilioii  liiM  Wn  <li;Urminci)  by  snulysis,  and  it  is  iiitereetiiig,  not 
Mtly  M  fixing  t)i«  atttniic  wraght  of  the  m«tal,  but  lUso  aa  the  titartitig 
point  fniiu  which  tha  true  clUoridea  of  vonadiuia,  and  tbo  metal  it«elf, 
e  been  re<icbei}. 
HeUlliu  vaiudium  has  been  obtuiiied  by  Kdiifiioj;  VCl,  with  bydro- 
It  is  a  light  wbiliih-gny  powd<tr,  which  uiidor  the  iiiictosixip« 
as  a  brillinnt  ctyatallin*  motallic  mass  with  a  silvor-whita 
loatn.  This  metallic  powder  has  «  -^  ilr.  =  6.6.  aiid  ia  not  niBg> 
netio.  It  does  not  Totatilixe  or  Aue  when  beat«d  to  reduuM  in  oii 
phere  of  bydro-^uQ.  It  docs  nut  taritidh  iu  the  air,  or  douompoM 
at  the  ordinary  tetnperatura ;  but  whca  thrown  inlo  a  llsme,  it 
with  brilhniit  NciiitiUuliuuf.  It  docs  ni>l  dimolve  in  hydro- 
ehtoric  acid  hot  or  cold,  and  only  slowly  in  hot  sulphuric  acid,  bat 
acid  of  all  strengths  attacks  it  with  violences  It  is  not  acted 
upon  by  Aoluliona  of  th«  caustic  alkalias;  bat  when  fVised  wiib  eodie 
bjdnte,  hydrogen  gas  is  evolved,  and  a  vanadato  fbnu«d.  It  unites 
ditMttly  with  chlorine  g/m  to  forcu  VC3,,  and  witli  nitrogen  gas  to 
KAT,  and  it  it  capable  of  absorbing  as  much  as  1.3  per  ceul  of 
II  s^&K  It  attaclcM  all  glaas  and  porcelain  in  whiuh  it  is  lioaUtl, 
oomponnd  of  silicon  and  tho  mota]  being  foTRied.  It  yields  also  an 
alloy  with  platinum,  and  for  these  roasona,  as  wU  as  on  account  of  iU 
niy  great  avidity  (when  heated)  for  both  oxygen  and  nitrogen,  it  has 
laeen  one  of  the  moat  difficult  uf  sll  tlie  clemeDla  to  isolate.  Tho  peiit- 
OxMe  is  now  aji  nrticlo  of  mauuliictiire,  and  is  used  in  the  preparation 
of  aniline  bluck. 
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577.  URANTT7M.  U=\W>.  —  One  of  the  rnjetrfemenU.  A!*iji 
found  in  nature  cviubiticd  u-iih  oxygen,  chief!}'  in  PitekblrtKln,  «M 
i*  <!Mcntiiil1y  tbu  cunijMuud  U,0^,  and  in  a  rare  mtnisraJ  naJlMl  V 
Of  tlic  Uxt  tlkvn  are  two  variclie* :  tim  ftn»t  ia  a  pho«phflt«  gf 
and  calcium,  aoA  the  wcond  a  phM^khot*  of  unitiiam  and  ooppct 

(h.(UO)^\OJiPO),.&StO.    and     Cm,(UO)i.0^{PO),.6afi. 


In  ULsny  of  it>  clxemica]  ctMrscteristice,  unmium  rery  cJ<mf1j 
bles  vnnadium.     Like  the  lad  clonient,  it  forma  an  oxide,  CO,  wU 
acta  aa  a  auivalent  radical.  nipUcing  hydrogen  and  combining  <iia«l^ 
vith  cidorine;  and  nil  the  moat  important  atafahi  and  c) 
cuiui>oi)uds  of  uranium  may  be  regarded  a*  oompounds  of  ii_j 
Moreover,  (7^0^,  like  ^\0^,  cannot  1m  dccom[)aeed  by  tW  Mifii^ 
mlucing  t^[cHtH,    and  wai  formerly  mutoken    fur    tha    nxtal 
Uranyl  acta  both  as  n  buic  and  u  an  add  rudical.     Of  tbr 
compounds,   th«  most    important,  besides  tlie    nntJTa  pbocpJiidM  J 
ready  mt^ntioDed,  are  Uianyl  Chloride,  {UO)Ct :    tTmnyl  FI^^H 
(UO)F;  Uroiiyl  Hydrate, ({70)-0-ir (a yellow  powdrr);   Tn^^l 
ti»U-,(rO)-oirO,.3/f,(;  (a  beauliful  yellow  aalt.  cr>-sU]lijiiig  ialaj 
striated  prisma) ;  and  Unmyl-potasricSnlphnte,  A*.  ({'O>-(7,>50,.^ft 
and  to  these  may  be  added  a  number  of  reniat-kablo  doaU* 
wliicli  may  be  foiued  by  the  union  bo4fa  of  thn  chloride  aad  h 
fluoride  of  umnyt  with  the  chlorides  or  fluoridua  of  the  taetak  irffll 
alkaliea  or  alkaline  carthi.     Indeed,  tbcae  doubto  ailta  an  a  chwto 
iitie  feature  of  uranium,  and  one  which  becomca  still  aon  iMfU& 
the  next  elemeut,  columbium. 

If  to  a  solnlion  of  a  uranyl  salt  ve  add  ammonia,  or  tba  aoJiti*' 
any  other  alkali  or  alkaline  earth,  we  obtain  a  yellow  pre«i|>jtaU.  Tim 
b  nut,  however,  an  niifilit  have  been  expected,  tho  hydruln  ■?{  unii'. 
but  a  ooni|Kinn(l  of  tlm  raitii^al  with  tlie  alkali,  in  which  vianjl  us* 
an  acid  radical.  The  oonfltJtntian  of  these  oompAunda  is  not  wall  oii* 
stood,  but  they  are  probably  mixture*  of  nmnyl  bfdtats  willist^ 
pound  of  the  form  H-O-(U0).  Tlw  so-called  yrllow  unmum  ao* 
of  oommeroe  U  a  hydrate  thus  prepared,  retaining  abtwt  twu  p>  ^ 
of  aminunia.     All  these  uraoyl  compoonds  havo  a  ycUutt  ado,*' 
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(jtllow  osido  U  asod  to  comciiiiucafa)  n  boiautiful  and  peonHar 
'  to  gliiHi.     Glass  thus  coloicil,  itnd  the  traasjwKut  unsjl  Mtti^ 

'an  to  a  high  dogree  tlaoreacent. 

Jud^ng  IVoai  tbo  oniEiyl  coiupouoda  alone,  we  tiUuuIJ  ccniclndn  thai 
y  imniuBi  WW  a  pcriBMul  clvwclj'  allied  to  vanudiun)  uid  tlw  Ditro^o 
u  gn^P  <'f  vlemcota ;  but  thoro  an  other  compouoda  of  umcium  wliicb 

do  not  readily  con fuTtn  to  tkU  tliMiry.    Tlius  wo  bave  it  chloride,  VCl„ 

and  a  series  of  aranout  salta  (all  having  a  groan  color),  in  which  0U6 
f^oknn  of  the  metal  appean  to  combine  witli  two  atoms  uf  dilurine,  or 

ta  cepbce  two  atoms  of  hydrogen.  Them  wouJd  aeoio,  on  i)ie  uthuT 
I  haitd,  to  indicate  that  umiiiiim  was  an  aitiud  dement  allied  to  iron ; 

nnd  the  important  fact  that  Iba  native  oxide,  '',&,■  >*  ixomoTphous 

with  the  tangnotic  oxido  of  iron,  surtaiiu  Uiiif  vi«w.     Uranium  thus 

appears  to  stand  between  the  nitrogen  group  of  elements  of  the  peri»- 
'  aad  fnmily  and  the  iron  gronp  of  the  artiad  family.     It  belongs  in  a 

measuiti  to  both,  and  ita  coiupouiida  may  be  interpreted  according  U> 

Qie  oDo  or  the  other  plan  of  molecnlar  grouping.  Id  cl&wing  it  with 
'  tlitrogin,  wu  merely  fullow  what  appur  to  be  Its  normal  relaliuiiic ;  but 
It  otliun  may  rctuiDnutily  onlertAin  a  dJIToreiit  view,  and  further  iovftstir 

gati'^n  ia  i«quir»d  to  dutennine  its  quontivolcnco.  Umniutn  Ibos 
'  iUtutrat«a  vory  forcibly  tbo  ntmorlu  alraady  nodo  on  chemical  chisaifi- 
rMlion.     ($  115.) 

Of  metallic  uranium  but  little  U  known.  It  lias  been  obtainei]  by 
I-  deoom posing  the  ddorido  t'Ctt  witli  jKitoiuitim,  and  ai>pMire  to  be  a 
I'  atcel-whitA  metal  {Sp.  Gr.  =  \&.\),  which  la  di^hUy  niallcablo,  and  ' 

not  rto<lily  oxidiied  by  atmo^plioriu  agents.  If  heat«d,  bowovcr,  it 
I  'bunts  in  tho  air,  and  diatolrcs  in  diluto  acida  with  the  evolution  of 
I  Iiydrogen.  The  compounds  of  untnium  have  found  but  few  appUca^ 
I  tloDS  in  the  art*.  The  "yellow  oxide"  ia  used,  ns  already  stated, 
i>ii>t  coloring  glass,  and  tho  so^olled  bkck  oxldt;  (^',0,),  obtained  by 

Igniting;  the  nitrate,  ia  employed  as  a  hlueic  ]>t(;mvnt  in  painting  on 
\  porctJuin.     Tliu  nitmtc,  whicli  iit  the  rao»t  common  soluble  colt,  has 

beeo  thought  to  have  some  valuable  qualitiea  in  photography. 


QTmsnONS  AND  PROBLEMS. 


State  the  grounds  on  which  the  eonduMon  In  rtgonl  to  tbe  atomicity 
dium  b  based,  and  reprtanit  by  a  graphic  symbol  thi!  coiutitution  of 

lite. 
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QUESTIOMS  AXD  PROBLMIS. 


urn. 


2.  Bow  doM  tli«  ^  Or.  of  tbo  rvpor  of  natdie  osjtrichloriila  caitii]an 
vith  thg  tlwontiul  nlos  1 

3.  It  lioi  been  (liovrD  bj  coirAil  uuitj'su  that  tbe  above  chloride  eonbin 
euS7fl  per  cMit  of  c^blMine.  Wliut  is  tbe  Momio  weight  of  rasMlyl,  tU 
wUt  that  of  vanadium?  Ani.  07.80,  ud  BIA 

4.  In  Older  to  dMormitio  the  ntomtc  weight  of  raoadiiun  from  vwuJk 
anhydride,  Hotooe  mineod  f\0^  }«f  hydrogen  to  rauadk  oxide,  f'/>f  fv 
rxp«riin«iiU  g&re  the  fullowiiig  itntlt*  :  — 


Wdfbi  gf  r,n,  nal 

W<i(h**f  r,Ob*»MM 

l«t. 

7.7il9T  grummei. 

6.3827  gtnaiBHih 

Sd. 

SJiSLV        •' 

£.4396        •• 

3d. 

M696        ■■ 

4.2819        " 

4th. 

WMSO        ■ 

4.1014        " 

Deduce  the  Atomic 

weight  of  vanadiain. 

5.  Benelius  uidgiied  to  vanadic  afihjdrid*  tbo  ajmbol  VO,,  ami  » 
vuuudjrl  chloride  tbe  t^tabol  I'CV,.  Un  thii  b^poUiaeia  ha  fonsd  tat  da 
Momlc  weight  of  vauailiiuii,  by  iho  nethcMl  uf  tltc  loat  |>roli)oni,  the  niu 
137  (when  0  =  IS),  which  would  be  rcdooed  to  lAl.74  b^  tbo  biotc  aeca- 
late  deterioluAlJoiw  of  Itoacoe.  State  tbe  rewooa  fox  beliei-ii^  iW  th«  tn* 
atomic  weight  of  the  clcmMit  ii  M,31,  and  tbiU  the  oonijMuudi  biiv«  d* 
•ymbobi  aurigned  to  theni  above.  Show  bow  ta  tb«M  conclnsioia  hsve  hM 
povrad,  and  point  oot  the  caum  of  tbo  former  enor. 

6.  Uoke  a  tuble  allowing  that  the  Tanndatci  maj'  be  eloaiod  like  ike  |h» 
phntca,  or  the  borate*.  I>  then  not,  bow«ver,  ■  dpecioil  jowon  for  n^it 
Xa^o^f'O  M  nn  orthonnadittc )  OoiMidcr  wfaclbtr  tbe  nktiotia  wUeh  m 
■o  mnrkcd  in  the  rAw  of  ritnAiliitm  do  not  correspond  to  tbe  bctlbtf  At 
oTtho  form  i*  k>  gcnctnlly  wanting  in  the  ca«o  of  tbe  asjrgcn  ecide. 

7.  Stale  llie  Rround*  for  tdooaiii^  aruiiiim  with  ruiadiuin,  ai  well  (■  Ai 
rwow  which  mixht  be  ur);i.tt  for  oMocialing  it  with  iron,  and  wiik  At 
mtional  nymbols  of  tbe  ummiun  ccunpottiub  on  the  eanunptiaii  that  lUi 
element  i>  on  ailiad. 
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DIVISION  XXV. 

37S.  COLUUBnTU  (nioblvm).  <::%=94.— QuinqaiT&leat.  Tlii* 
cnKTil  tiTiM  the  Hcid  iwliciU  of  Pjrochlore,  Columbit«,  8i>niarakttc^ 
lX(^^it4!,  yEacliynilL-,  Fi-rt;ii«onitc,  nnd  a  few  other  rare  ininursls, 
ey  are  all  coihiwiiihIb  of  columliic  aDhydride,  Ci>^0^,  vrilh  vurious 
lie  oxidM,  —  amoDg  which  those  of  ceriuui,  yllriuni,  nixl  their 
~aMociated  elementA,  are  especially  to  tw  diBlinf;ui.i1ierl.  'L'liv  Colum- 
bian), however,  ia  almost  iuvariably  re]>lnciiHl  to  n  grr-nter  or  l<3e»  extent 
by  tnnbiltim.  Cotiiuibitu,  tho  moat  abundant  of  those  miDenJa,  baa 
the  symbol  [Ft,Sf,>yo,-([Ch.ra]OX  U  has  a  black  color,  a  f>ub- 
metallic  larti«,  ami  a  upccific  gravity  hma  fi.4  to  6.5,  iuouasing  u  Ih* 
I  f)K»portioii  of  tantalum  incnnaes.  When  finely  powdtmed  it  in  cagilj 
decomiKwed  by  fuuon  vith  potuatic  bixulphatr,  and  on  *nb«oqni>tilly 
1)iri)ing  tho  funed  tiiasa  with  wiiltTr  a  white  iiiKoluhto  nwidue  is  oh- 
tftii)p>],  which  consirts  chitffly  of  t'ft^Oj,  and  from  thia  the  difTcrent 
eompoiuidB  of  colutnbiHm  mny  bo  ptopared.  Of  these  the  most  ubar- 
ftcterietic  are  the  following. 

379.  Columblo  Ajihydridc.  C\0,.  —  A  white  powder,  whidi 
beoomut  cn'HUlUiie  when  li<stted,  and  ia  aflerwarda  inaolablo  in  all 

'  acitU-  It  httH  a  Sp.  Gr.  between  4.37  and  4.53.  Before  ignition,  and 
when  in  iwnilitinn  of  hydrate  (columbic  addl),  it  dinwilvcs  in  strong 
sulpiiuric  and  in  li y droll iioiic  acid.  After  boiling  with  strong  hydro- 
chloric acid,  in  which  it  ie  nearly  iiuolnbl«,  the  product  diawlreg  is 
water,  and  the  sohition  traat«d  with  xinc  lunu  lilae,  and  finally  de- 
posits a  blue-colored  oxido.  When  a  largo  evcMS  of  hydroohlorio  acid 
is  [ire«cnt,  the  aolution  deposit*  a  brown  oxide  under  llie  mme  ooo- 
ditiona;  bnt  tho  coustitwtion  of  neither  of  lho«  compounda  t*  as 
yet  known.  It  ban  hi«n  iitaled  that  oxidM  having  the  eompoaition 
C^O,  and  rft,0,  haxr.  alao  been  obuined.  Columbic  add  fonna  talt« 
oalU-d  Colambates,  anil,  besidea  tho  native  compounda  mentioned  abof«^ 
wo  are  auiuainted  with  sorcml  potAjwic  eolunibalee,  tlireo  of  which 
bavr  licen  obtained  lu  well-delliMd  eryslala,  but  they  have  a  very  com- 
plex constitution. 

380.  Colsmblo  Chloride.  CiClf.  —  A  yellmr  crystalline  solid, 
mellinf;  at  194",  and  htiilioK  at  241°.  It  li.ia  hpen  fimnd  by  analysia 
b>  conUin  65.2^  per  cent  of  chliirine,  and  tho  S]l.  ®t.  of  ita  vapor, 
bj  experiment,  ia  9.G. 
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381.  Ctrinmtala  OxjtAlaiiam.  CbOCl^ — A  wfaita  «oCd,  dJOk^ 
Uaag  is  fiilk;  tofb,  wbtefc  vnhttlista  in  tbs  wr  at  400*,  viltiMt  |» 
Tionlf  arftins.  It  cwitmn^  ■ceorting  to  snBljnu,  i&9  pa  «M^ 
rUnrim,  ui  Um  Sfu  ttc  of  tta  n^nr  baa  bneit  Ibnnd  la  b  Tl 
MoRunx,  it  hu  been  nsMit^  ^nwrf  tliat  tt  noniain*  (oxgoL  A4 
cUmlo^  wbui  ircsted  vttk  Wilcr,  juU  colnmtiiB  acwj. 

392.  Colambia  OxjrflaoiMau  ChOy^  —  Tliis  caapovBd  UfA 
•Ujr  limwd  when  fwhnnhif  aod  k  tiiMolmi  in  kjdmdiunc  idi  Ip 
it  bM  Boi  x«t  been  ixdKtcd  is  «  pan  coodidon.  The  aolc:i  u.  L? 
effT,  fuma  difatte  oyiuUist  mitm  witb  asTenl  inetAUl:  flu  .-„  ^ 
tfasae  SIB  uwag  tfaa  aoit  Bapgrtaat  eoaipooiMi*  of  cobtabinM.  lb 
Mlt  3ii:F.C&0/;./i^0iB  Toy  KadOr  obtaiiMd  iasMiwmsita 
■ad  bang  br  nnn  aoluUe  Ums  tlia  eoraponiMi  of  ■»»i-i»»  {ii^l 
nadcr  tba  miat  otaditlaBa,  iKF.  f**/*^  it  |^vm  bs  tbo  wl;  mM 
BtuH  7«l  dbwTCTwl  of  lywttBg  Uu»  «J«a>eat  6«s  ooltiatliin  1 
nit  baaabo  Wn  fonDDd,  hanag  tha  oompiMitiaa  iKf.Cif^ak 
isotsatplwaa  with  tba  eoMpooad  of  **"'-'"ni  jufc  nestieaid.  il# 
istawitiiig  H  [■■■■■* '"g  lo  a  Baoride  of  aQlambinai,  ChF„  wbkk  ai^ 
otbenrije  koawn. 

Tim  OMtal  mlsBifatBis  bai  not  witk  eenaiaitj  baoi  ^y-^^  b 
bUck  powder  dwenbad  m  mA  hj  &on  U  miA  to  ba  tba  oxidi  Oifif 

An  iufiuiaa  of  giU-anta  gins  with  add  aolatioDa  eonbijuif  ^» 
biim  a  dd^  otugMod  pnct|ntale;  and  bj  Uu»  raution  ci.'.iiiil^ 

■y  be  dgtiBgaiAad fctaa  ttalalnm.  which,  ttader  the  nau  ci. :.- 

^TM  a  btigbt  brows  pndpitat* 

383.  TAHTALUK.  r«  =  18S.— Ihk  olatBant,  anocM^  ■& 
oolnisbiam  in  tiM  nativa  eolnaAahtt  Baiaed  ahowa^  ia  the  Awf^^fc 
aent  of  lastalila,  Tttaotaaialite,  tad  of  a  few  other  nunamli  qa% 
ma.  T^atifita  it  iwxaphoaa  with  Oalntnhita,  baa  the  miw  h^ 
■jtioa,  Mn  oolf  that  the  acid  mdieol  ia  whoUj  tautalnm,  and  ^a 
chiady  ia  hatiaga  hi^Mr  Sp.  Gr^  which  varwa  from  7  l«  8.  Utb^ 
tantilnm  is  >o  doadj  alliad  to  oobaahiam,  yet  ila  eoapaoMk  dB> 
Aom  tboaa  of  thia  Uct  riaiBHl  ia  eetvnl  inpcstant  RMHcto.  IWa 
mwan  to  ba  so  laarkiney  to  lam  oxjehloridM  or  axylIiinniW-< 
leMt  no  such  eoaqwasJa  are  known.  The  cUotide  ia  TW.'L  *  ^ 
Tclhnr  solid,  aiaUag  at  211°,  boiUag  at  342°.  aad  liavtagai^ 
daaaitj  of  11&  It  coataisa  by  ualyHS  48.70  p«r  cast  of  thM% 
attd  it  dooonpaaMl  bywalar,  Tittdiag  UsUltc  acui.  The  Hffw**^"* 
tike  mancr,  TaFy     It  fonsa  dotibla  salts  with  tha  *»«"*yni-  imal^ 
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the  most  important  of  which  ia  tho  poturic  fluotantahtt^,  2KF.  TaF^ 
tDciitioii«il  »liuve.  TauLitic  Biihj'dride,  Ta^O^  U  a  wliilu  jiuwdcr,  lu- 
ftoltiblo  in  odJa.  It  clowly  nMcmblM  coluuibic  unh^dridu,  nitd  i*  pr^ 
paNtl  in  a  tiiuihtr  way  from  tlie  iWLivi;  toutulatva^  but  it  htis  a  hi^1i«r 
dcnaity  {Sf.  Or.  =  7.6  to  (!),  and  ruTniMwJth  tho  dkulies  a  bi^r  imm- 
bor  or  crj'HUlli^cU  salts.  Thete  is  a  hydnito  (taiitAlic  acid  )),  oiid  also 
pTvlmbly  w>vunl  lower  oiidiw  of  tlio  elemcut.  A  solution  of  7'aCt,  ia 
6troog  vHljilturit  acid,  wl)<^  dtlutvd  witti  water  aud  rediiucKl  wiili  xiiio, 
becomes  colored  blun,  but  yivldn  no  brown  oxide,  o»  iu  tbu  oium  of  ea- 
lumbium.  It^  mliioing  aodio-tAntulic  tluoridit  with  iwdiiiia,  a  black 
powder  is  obtained,  which  haa  boou  supposed  to  bo  luctaliic  tjuitolum. 


QUESTIONS   AND  PROBLEMS. 

CJtuIuti-'  llii-  perccntUKc  comj)tniiii)n  of  Coluiul'iti.',  ou  tie  ataiunplion 
_lbat  the  Ihinc  nulicul  u  wliullv  irMi  luul  Ui«  sod  lUiUcal  wliutly  culumbium. 

Ana.  81.17  FtO  and  78.63  (\0^ 

S.  Explain  the  mcuninit  of  the  (vmbol  of  Colamluto  in  }  378. 

.  Hmt  br  do  tlie  tkeoiMiaal  fip.  flir.  of  Columbia  ehloridu  and  oxjchlo- 
I  Eiopn  vilh  tba  expaimental  rv-^alts  ? 

4,  Thu  mean  of  twi^nlj'  aniilfM*  of  the  potassio-columliic  ox^OuoruU^ 
iKF.CbOF^  .  //,0,gnvo  the  following  Wflulla.  Froru  100  parla  of  the  »a]t 
there  wo*  obtainnd  by  the  procew  of  andj-iw  adopted  li.S7  parU  of  ivaler, 
44.3Rof  columMcnnhydHde.67.83of  polainicaulpliuie.  and  :il,7S(if  fluurine. 
Awnitnins  that  the  symbol  of  colnmbic  arihrdrifle  is  ffl/\.  and  estimntEng 
the  per  ei-til  i>f  nxygt^  by  the  loM,  d(<dnce  the  percentage  componicion  of  tbo 
compound,  and  its  ayntbol. 

Ana.  Culuuibintn,  31.19;  Potawiiim,   S&SSi  Oxyg«B|  ftJ7;    FliiOfiii«^ 
31.72  ;  Water,  A.S7. 

5.  What  wnnlil  be  the  atomic  weight  of  columbium  if  deduced  from  the 
t  of  the  abova  analyaei  1  Ana.  B3.9. 


Prcvioua  to  ths  recent  inrenttgntioiu  of  Klari^tnac,  the  nymbol  of  colom* 
[|tcid  u'M  mually  written  CtiO^  when  0  ^  a,  or  Cfc,f>,  when  0  ^  IS. 
proofs  hove  been  fiivcn  of  the  comctnefs  of  the  BViiiliol  adopted  in 
thtB  book  t  Wial  was  the  probable  caum?  of  the  emir  Bwdo  by  the  earliw 
inveatigaiortT 

7.  By  what  ganeraJ  method  may  tantalnm  ho  «epaiitad  from  columbium  1 
Hot  can  yon  tcU  when  the  aepomtion  >■  complete  I 

St 
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B64.  TBB  PIiATUfUM  METALS.  —  Prevailii>g  qunnttvtdaac* 
ir.  —  The  sis  hicUUk,  JiuUiuiiuBi,  Osmiuto,  Khodium,  Iritlium,  I'al- 
ladium,  and  I'latinum,  nn  alvwya  IbitDii  in  tho  native  )>tat«,  alUiough 
B)oi«  or  list  oUoyet]  irith  each  other.  *'  Platinum  Ora  "  ia  found  In  mv> 
ami  oniiMriras  hul  at  loaat  iudo  tentlis  of  tho  oomiuendal  Bup]>ly  uoium 
from  tlio  I'ml.  It  >H  Dvorywbere  obluiued  by  waahiiij;  &lluviiit  mutoritd, 
generally  in  email  rounded  mctullio  tpkins,  although  iudshm  of  «anMid- 
Mmhlo  siie  are  occa&ioiially  found.  Tlie  fullovriug  auulyau  by  Uovillo 
#aul  DubMy  will  give  an  tdua  of  its  compOBilion  :  — 


WK 

ft 

Ay 

Fi 

» 

KA 

fw 

(V 

UOi 

SatO. 

ChOM 

8&20 

1.00 

7.80 

0,85 

1,40 

0..10 

0.(iO 

0.9a 

ao5 

O&lifutiiia 

85.50 

0.80 

fl.75 

1.05 

1,00 

0.00 

1.40 

1.10 

i.M 

Owg'J'i 

01,46 

0.85 

4.30 

0.40 

0,C0 

0.15 

2.15 

37.30 

3.00 

Australia 

61.40 

l.SO 

4.00 

l.IO 

1.85 

1.80 

1.10 

2Q.0O 

1.20 

Ruwiii 

76.40 

0.40 

11.70 

4.30 

0,30 

1.40 

4.10 

0,50 

1.40 

b  thi»  on!  tbu  graiua  of  "  Native  Platinoro."  which  hare  a  steel-gnjr 
|Bpr,  are  nlwnyx  moni  or  Ic.-u  nitxod  with  thuno  of  a  dirtioct  miaeiul 
Ipcica  cnllod  "  Iridnsminc,"*  which  bove  usually  a  lti;hter  color,  and 
st  chiefly  of  iridium  and  osmium,  alloyed  witli  siuull  iiuanlitiu* 

.rhodiuiu  and  ruthenium.     Hence    fmm    thn  above    nnulym  tho 

^unta  <if  Iridusiiiiue  [fr-Ot)  and  tand  must  bo  Hubtractfid  in  onler 

bbtaiii  tlm  coiajrasition  of  native  platinum  proper. 

ta  the  old  method  of  manufacturint;  platiimm.  the  ora  is  treatm] 
vitb  nqoa-ngia,  which  diasolres  tho  ]>liLtitiuiu  and  the  miitala  diroctly 
ftltoyed  with  it,  but  does  nut  aHect  tho  lrido*niine,  the  titaniferoua  iron, 
Mid  other  reaiitttnf;  minerals,  which  are  frequently  mixed  with  the 
"Nntivd  Pliitiiiutii."  To  the  solution  thus  obtained,  when  brought 
into  Biiitabln  condition,  ammonic  cldoride  is  added,  which  pieoipitatn 
•U  the  platinum  [30C]  an  ammoiiio-ptatiuic  chloride.  Tlus  procipitnt^, 
vfaen  ignited,  Itutvc.i  tbi-  metal  lu  a  pulverulent  condition  (Platinum 
Sponge),  whtcli  is  welded  lutu  a  compact  mass  by  heat  and  pressure. 

*  Iriiinimlne  I*  fmieontly  Maocktril  with  CRlifamU  fp)ld,  snd  U  iirpantnl 
hetii  ll  ikt  l]ii<  ktMy  oinc«a  ie  (^oii>i<l(imM>v  iiumilillcD.  Bnlng  hesvior  Uua  gold, 
-b  sieliB  ta  the  bottom  <it  Ibe  cruuibl«  wlitii  tli«  luslal  ii  fuMd. 
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In  the  nev  method  of  DerillB  and  Debnj  the  pUtuttua  b  Gm 
uniU'd  to  mcbiUic  leatl,  which,  aa  it  dou  not  alloj  wtib  IndanniM 
acparat«8  the  pUtiuum  from  thu  chi«f  iiujmnUtit  iit  tltc  ore,  Tbt  Ini 
u  BulweiiucQtIy  removed  by  cu puliation,  aikI  Uw  emtio  )ilulinum  (lurv 
ttoil  kjr  meJtiii^  it  in  a  crudblo  of  lime  witli  s  p>>wcrful  axjliyilneu 
Ibtuf.  IuiIlih),  an  aUuy  of  pLutinuia  witli  a  Bisall  amouul  uf  iriiLiua 
and  rlKMliiiiu,  wuU  uila[itcxl  fur  cbemicai  veeaala,  may  be  olitUOil 
dimctJy  (nm  the  ora  by  ftiiuBg  it  with  tbo  noie  ftam*  an  «  ImI  W 
linip,  ti»ing  n  small  nnimint  of  lime  a«  a  flux.  Tb*  paUadinm  ani 
osiuiutii  ptvaent  are  tliiw  voUUliwdi  white  tli«  coppor  and  inn  Cm 
fusible  ouiupounda  with  the  linw. 

Vtoai  the  "  platinum  rwiduea,"  as  thojr  ara  Unnei),  the  awcBJikii 
iDUtids  can  only  be  M|mrat«d  bjr  teflned  analytical  metboda,  and  mir 
knuwlud^u  of  the  cheuical  ralaliona  of  thvoe  rare  elenuMita  ia  liiU  nrj 
inipwrfvot.  Kecwuirilyi  therefore,  tliey  Diiut  occupy  a  nry  aabonly 
jute  placo  in  an  oli^raMiiury  trcatitto^  and  ihey  an  buni,  w  slmban 
classed  together,  mora  in  oonaeqiMBOO  of  their  intin>at«  anociatias  in 
natun  and  tvaoiDbkucoa  oa  motola,  than  from  any  weU-defined  rhaawnl 
lelnCioTiAiiip. 

SH5.  RXJTBENTXJM  (fin  =  104.4)  is  a  white  metil,  nrj  bad 
and  brittlf,  wiiU  UiflJculty  fuaibl«  befon  the  osyliydrogeu  bluwpjft. 
^  Gr.  wlwD  fiisitd  II  to  11.4.  Tt  la  acanely  altackud  Ity  nib»> 
DUrialic  ai;i<l,  but  it  ia  eaaily  oxidiuil  wltcn  fiiiind  with  pobkarie  bjdnk 
(•qiadally  if  a  littlo  nitre  l>o  aililixt),  yinlding  patuete  rotfaasil^ 
which  farms  with  yrator  an  oraagn^olorwil  aoluttoa.  Th*  pulvcriad 
m«ta3  heated  in  a  currant  of  air  rapidly  abaorbs  oxygen,  and  ifat 
oxidea  cannot  be  redaced  by  beat  alone. 

Five  oxidea  are  known  : —  Fint,  Ru  0,  which  baa  a  daric  gray  aim 
toil  metallic  liutre.  It  is  not  ai^UvI  on  by  acid*,  but  if  n>dae«4  bf 
hydrngMi  at  lh«  ordinary  tumiN-iaturBL  Sooondly,  Rh^O,,  whioli  li 
thv  piodtic^t  wlinn  tbe  iDUtul  it  ositlixnl  by  th«  air.  It  baa  a  deep  bla* 
color,  is  aUo  insolable  in  acidly  aud  u  reiluced  by  hydroKBD,  hot  eal; 
at  a  higher  tcmporatun^  The  comeponding  hydrate,  [ffaJlAv 
wliieh  dissolves  witli  yellow  ccdor  in  acids,  but  U  iusolnble  b  <nMr 
or  alkaliea,  b  alito  known.  Thirdly,  RhO,.  which  i«  a  dark  (trei^ 
blae  powder,  and  fotroa  a  hydrate,  Ru*Uo,,  that  dbsulTve  both  ia  aaUi 
and  alkalit*.  Fourthly,  RtO^,  which  i*  the  nsaumod  anhydtida  tt 
thu  ydluw  rutlieniale,  formed  when  tbo  m«Ul  ia  igiiiUid  wilh  * 
mixture  of  potomo  bydrat«  with  potoMo  nittnte  or  chlorals    Tha 
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olin»et«n*(ie  oomponnd  !•  dccomposod,  liko  potemic  maoganaUi,  1>7 
aci(h(  and  evon  by  orgatdc  Bubstancea.  Lastly,  JiuO^,  wbiofa  it  u  vury 
Toktil*  (!<itc!ca -yellow  orystallinQ  solid,  nwltiug  M  66"  uul  boiling  at 
about  10U°. 

ICutlipniaitt  font)*  thrr«  cliloridM  :  •HnClf,  wbich  ta  knoirn  both  as 
on  iaautubU  block  cryntnllina  jiowilur,  aD<l  u  forming  a  fiue  blue  aolu- 
tioii ;  [f^"i]f-'Ui  '''bich  forms  ytrllovr  lolutioDs  aiii,l  solulilo  «oiupuiiU(ls 
witb  tttu  lUkuliiii:  cbloiitU-*, as  [/Ih^]C/„.  4  KCl :  liuAly,Jl«Cl„koovra 
oiily  iiiiUiloubletalu,  A«6V. .  ^KO ixud  Jiua, .  2(yj/^)Cl,  which, 
liko  Um)  comwpondiiig  pklinuiu  nil,  uysUUi^ce  io  octnhcdrons 
($  303),  but  npiwim  to  bo  dliaotphoiu,  u  it  fomu  andcr  ccttain 
conilitMUU  hsxagonal  iiriniitL 

When  fffS  is  panod  thruiigh  a  boIuUod  of  the  yellow  dtloride,  it 
portly  precipitatM  tlt«  nitbeninm  aa  a  aiiJpbiiitf,  bat  at  tbc  wimu  tini* 
it  partially  reduces  [Au,]  CV,  to  /TtiCY,^  which  f^vtm  to  the  tupsmataDt 
liquid  ■  liite  amie-btue  ci^or.  Zino  (iSixta  tba  nnw  lodaetioD,  and 
this  noelion  ijt  rery  delicate  and  obamctoriatie. 

384}.  OSMinu  {0*  =  im.S).  —  In  the  most  compact  eondition 
ID  which  lliia  iiiptal  lias  been  obtained,  it  has  Sp.  Gr.  ^  21.4,  and  a 
Uaub  Ma^  of  color  r«aciiibliiig  that  of  uoc  It  Iiiu  aavn  boon  fused, 
bat  it  alowly  rtdaliliiu  at  tlia  teinpetntura  at  wliiclt  ruthetiium  and 
iridium  melt.  Wbon  finvly  divided,  it  i«  oxidiiod  by  nitric  acid,  but 
In  jt«  mofft  compart  state  it  nmsts  even  oijtia-rcgia.  Wlwm  heated  in 
a  cnrmnt  of  air  it  oxidizMmtich  mora  readily  tban  nithcDtum,  passing 
at  t>nc«  b>  Ibe  highest  dcgrt'e  of  oxidation,  0*0,,  and  fonning  a  vala- 
tile  coBipoiinil  rvaembling  RuO^.  Indeed,  irben  in  itowiitr,  osmium 
is  very  cumbustibk-.  and  eveA  when  compact  it  taktu  fin  at  a  tnoipvra- 
ti»«  seamly  «xc«ediiiF!  tho  melting  point  of  nnc,  and  its  strong  t«D- 
d«Dcy  to  form  this  volatile  i>xid«  is  the  moat  striking  clinractOT  of  the 
ekmont.  lt«  oxi<lai  and  ebloridea  eoneqiond  almost  ]m-)}i«ely,  both  in 
composition  and  chomicid  relalions,  to  tboao  of  ruthenium.  The  Uiree 
lowtr  oitidfsall  form  hydrctea,  but  have  no  well-marked  basis  obar- 
lu-U-r.  Chniic  anhydride.  (JbO,,  is  unknown,  but  potaasie  otmata^ 
K^  0^-  O'Of  .  3  M,0,  can  eanily  bo  o1>lsined  iu  large  roso-oolotod  octa- 
hedrons. Tlie  Tolatilo  oxide,  0*0^,  just  refenml  to,  forms  colorlcM 
DcicuiAT  cn-BlAlfl,  whicli  nre  rory  fusible,  and  ftwly  soluble  in  w«t*r. 
It  boils  at  about  100°,  emitting  an  extremely  irritating  am!  dclcli-duut 
vapor,  wliosa  pungeut  odor,  reseniMiug  tlist  of  chlorine,  i*  vrry  char- 
acteristic.    It  i«  one  of  lbs  moat  poiwiiou*  subttaiMPs  known,  and 
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■dNtiOTS  gtm»  irhich  ara  mknAj  uffedaA  by  otfaer  pouonou  ifntdt. 
m^en  p»lv«ri>od  oamiuni  is  hent«d  in  porfMtl.v  <liy  cblonoe  gw^  Ihm 
ia  firat  formed  &  bluo-bkck  rabUnMt*  of  OiCt^,  uid  iift«nranb  and 
aublimate  of  OtCl^.  Oemioua  cUoride  givM  kdark  violitt'bluv aolfr 
tiuii,  while  ottuiQ  c)ilorid«  g^ves  &  yellow  aolntion  ;  uid  irhoB  ncpcmA 
to  thn  (lir,  thi!  fint  mpJdly  cbangM  to  the  lul.  By  tlw  Mtaon  of 
ndticing  ngnata  tho  dunge  mky  be  nvetwed.  All  the  ehlorUlM  ef 
ocRiium  form  double  solb  with  the  aUcolino  ddorido*.  The  nod 
iiit«re8iing  ara  the  compounds  «in«a)>0Qdiiig  to  potamo^tiiiio  eUt- 
rid«,  OsCf,.  -iKCt,  which  forms  beantiAd  rad  ootabednl  «y*K 
tpaiinf^y  aoluUa  ia  water,  uid  {O$^l,.1iK0i.6Jl,O,  wUib 
re«eiablcs  a  ctiaracMristic  tthodiura  coinpouad  mantiorMd  below. 

387.  RHODIUM  (Bh  =  14M.i)  is  •  very  hard  gmyish  whit«  mcUL 
baTcly  fnsiblfi  to  en  oiyhydiogeii  Aanie.  Sp,  Or.  after  fusion  13.1. 
ft  ia  iiuperfeatly  mtdleablo,  but  wliun  alloyed  with  plaLiatun  axj 
bo  <n>ily  worked.  The  pui«  mnlal  i«  iowluUe  in  acide.  but,  whM 
nllnyod  in  not  too  \a.vgo  quantity  with  plattoaiD,  copp«r,  Insnatl^  or 
lead,  it  diMulres  with  them  in  a^un-rvgia.  Althougti  uaallxmU*  ia 
the  ur,  rhodium  combinee  both  with  oxygen  and  chlorin*  al  a  m! 
h^nt.  It  ia  readily  osidited  by  ftiaion  with  nitt«  or  paroxiJa  d 
barium.  Fused  wltli  poloaaio  biaulpbato,  it  is  converted  into  aotaUi 
rhodio-poUsaic  aalphat«,  and  when  heated  with  aodic  or  laiic  cki^ 
rid(4  in  a  current  of  chloritia  gai^  U  ykUa  rarioua  double  iwlbi,  whkh 
on!  likewise  cosily  Mlabl& 

Although  (ov«n>l  oxides  of  rhodium  hiro  been  dtsUnguialud,  lb 
only  one  which  aa  yet  ba«  be«i  well  doQneJ  is  Rkfi^,  Rbodie  Oxids, 
and  this  compound  evidently  marks  the  prorftilinj^  quanlinUeaoe  d 
the  element  In  this  contiitioii,  rhodium,  nnlike  the  alenMalt  vilk 
which  it  is  associated,  appeals  to  be  a  well-niatl»d  iMsie  ladiaal,  foot 
lug  stable  salts  with  several  of  tlie  acids.    Thua  we  liave 


Rhodtc  Hydratty 
Rhodic  Acctat«, 
Rhodic  Nitrate, 
Rhodtc  Sulphite, 
Rhodi«  Sulphate, 
Putassio-Thodic  Sulphate^ 


In  like  mnnmr  the  only  well-defined  eomponnd  of  rhmlii»  lai 
chtorino  is  [/fAJIC^,  a  browouh  icd,  tndi8bi«Dt  body,  iasolabte  ia  iD 
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Bcids  and  ATVnliMi.  A  nnlntmn  of  thn  eMorido  ni&y  ba  obWDod  \yj 
diasolviiig  /f,0,  in  hfilmchlorii;  aui'l,  aiiil  from  tim  sercnl  well- 
evyBtaUized  soluble  doubl«  chtoridts  may  be  preparMl ;  ts, 

Fotaasio-rhodic  Cbloride,  ['^'^il<7'« .  6 A'C/ .  6  ^0 

Sodio-thodic  ClUoride,  [^Mt^'t  •  « A'.iCT  .  24  ^0 

Tlioy  til  bavo  k  ruby  oc  km  ovIot,  wbf>neo  Ihe  mtUl  tnk«  its  naine, 
from  piioy,  a  r^te. 

388.  raroiUM  (/r.  =  192.71)  is  a  T«Ty  lianl  wbito  brittle  metal 
Tltou^'h  ereo  less  i^isible  than  riiodiuni,  h  baa  U-vn  mcltnl  on  Itmo 
Willi  the  oxybrdrogen  flame  anil  by  the  rcltaio  arc.  Sp.  <!k  after 
fiiiioii  21.19.  Tlie  pun  latUiX  i»  not  aettM)  on  by  nny  ndd,  but  when 
KlIoyNl  with  platinum  it  <liMi>lvM  in  nqiin-rcgi«.  It  may  also  be 
NndenKl  mlublo  by  fiinon  with  alkatino  raigmits,  under  (be  sarao 
roiidittons  aa  rhodiitro.  t'nloM  in  very  fine  poirder,  it  don  not 
nxtdim  when  bealod  in  the  air.  It  fortua  two  pritietpol  Axid«ii,  Ir^O^ 
and  ItO^,  and  the  eorreepondint;  liy<lmlM  are  nndily  obtoiDnd.  The 
faydmtcs  dtMolve  in  aefda,  but  do  not  Torm  ddinito  oxygen  «lta  mikaa 
U80ciat«d  with  other  baoia  riKliml*.  Tlifrn  are  also  chlorides  C0IT6- 
Sponding  to  the  oxides,  w-liicli  ft>mi  ciyiitidtino  donbin  ita}t«  with  tbfl 
alkaline  chloridee,  eloeely  lOMrmbling  th«  similar  oampoandj  already 
dmcribed.     Thw  we  hare 


Fotasdo-iridious  Chlonde,  \/*'ti(^k  ■  ^K<^^  ■  ^  ^tO 

Sodio-iridioua  Chloride,  [''jci .&Xaa.U B^O 


^ 


which  oontntn  the  mdicnl  [/rj!,  and  aldO 

Po««Mo-iridio  Chloridu,  IrC^^  2  KG 

Sodio-mdic  Chlorido,  /rW, .  2  Had .  6  U^O 

which  contain  the  nwIicAl  /r«,  tho  laat  class  bring  Icm  soluble  than  the 
Gnt  Moat  of  the  compounds  of  iri<litim  have  a  strong  coloring  pow«r, 
tbcMA  containing  the  radical  [/r,]!  giving  in  gencnl  VK^xi,  and  thorn 
containing  the  radical  Ir%  rod  eohitions.  The  iridic  oompouudt  an  tha 
Dwal  stttble,  but  nnder  the  action  of  reducing  or  oxidising  agents  one 
conditi'in  uf  the  clMnent  rMtlily  posen  into  tlii!  otlier,  and  the  changea 
f/t  color  wbicb  tiicin  titkp  plioe,  giving  utkIit  different  conditions  beas- 
Uful  shades  of  piiTplo,  violet,  and  bine,  are  very  striking  and  chatae- 
Inislic.  Hence  the  nnmo  Indium,  frvim  iri*,  the  minbow.  Under 
Oartain  dmniMtenoes  this  alement  appeaia  to  manifest  still  other 
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Regrets  of  qnantivalena^  and  eonapouiMla  coutaining  botli  /r>  wid  M 
have  hven  dutinguisbed,  the  last  aeliii^  u  ui  acid  mdicnl  i»  \k* 
product  obtHiiitNl  by  fusitig  iridium  with  nitre,  wliich  ({ivw,  vilh 
w«t«\n  it'wp  lilim  »i-liitir>n,  nnil  in  Kuppowtl  to  oonlain  tbo  cotufMUad 
KfO^IrO, ;  but  cmr  kouwlcdge  on  tliia  sulijwt  is  Blil)  vitj-  iia|)«rftct 

389.  PAUiADITTM  (/>o!  =  IOl>.«).  ^;>.  Gr.^  11.4.  — ThUbrit 
liaot  wliite  metal  n>w!nibl<«  platinum  mora  ducrly  thno  eitliet  of  iU 
MsociatMt.  Altliough  b<wt  knowii  ns  a  nibonlioate  eoostitueDt  vt 
pUtinuin  ov^  it  has  alao  been  found  (in  IttnnI)  native,  in  naaaaacf 
ooiisiilerable  tai/t.  It  ia  liatder  than  platinum,  lua  \vi*  toiuicitjr,  mA 
ia  not  ao  duutik;  nevetih«lMa,  it  can  be  wrmigtit  with  (acilitj.  Il 
ouraot  be  fused  in  aii  ordiD&t;  wim!-furii*oo,  but  h«tf(ini  tha  oM- 
ponnd  blowpipe  it  incite  morn  nadily  tlmn  plntiimm,  aitd  if  healsl 
oa  timo  is  slowly  rolaltliied,  giving  off  a  groon  vapor,  liko  th«  noUi 
metals,  tta  oxides  and  dilondea  are  reduced  by  h«l  alono.  V«l  vIim 
fixpotcd  to  tbc  air  at  a  low  red  beat  [la  Burfhce  beeom««  euvoed  wlUi 
an  iridescent  film  uf  oxide,  whidi  la  dliptned,  boirov«r,  at  a  hi)^ 
teaipcratitrv.  Pulkdiuin  ia  acted  on  by  obomionJ  agonta  more  maibly 
than  platinum.  Tliougli  only  aligbtly  sttMtccd  bj  pare  bydroehloiw 
OT  snlpburic  acids,  it  dimolvra  KKwIily  in  nitric  add,  ajid  a1«o  in  aq<n- 
regja,  or  in  sulphuric  acid  when  mixed  vrith  a  BmoU  amount  uf  nittli 
add.  It  ia  aUo  rendered  aolnble  by  fhaion  with  alkaline  nac"""^ 
tndnr  the  «ime  ctindi^ion.i  as  the  preceding  mMaliL 

Falladinni  dif^'^^l  from  Ibe  aaiocialed  elemenU  very  markmlly  b 
that  it  affi>ct«  moi't  re^fUly  the  comtiUon  of  a  hiralcjit  poctitive  tadtoL 
Thus  wo  easily  obtain,  by  itiaiK^ring  the  meto]  in  the  raqtective 
tlto  two  following  cTysttalline  aalta  ; — 


Palladioua  Nitrxite  (Brown). 
Pulludious  Sulph&te    " 


7>*0,-(A*0^, 


Tlio  oumwpoiidinK  hydrate  is  precipitated  by  aodic  orbonale  fiat 
iiohitiiinN  of  vXihtsT  of  tlie^  aalta,  aa  a  tUrk  brown  powdet  The  <udd4 
PdO,  a  lilnck  pnvriliT,  in  obtained  by  beuting  the  nitiale  to  dull  ni- 
neas.  The  c)ilorid«,  PdCI,  foram  brown  hydrotu  cryirtnls,  who  a 
aolution  of  the  meliil  in  aqua-ragia  ia  oTapomlol  to  dryiua^  and  kf 
uniting  with  other  cliloridee  yields  defiuite  crystalline  aalta,  ut  i«f 
oxiinipli!,  PJClf.^KCl,  which  ia  ceujly  obtaiii«-d  in  dull  yaUi>w|iri»' 
malic  cryktida. 

PoUadiuBi  also  forms  another  cluaa  of  eampotuuU  in  which  its  alcom 
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^B«n  qasdriralent ;  Irat  tlioie  on  nil  rcry  uiutttblo.    Tlie  cliloriUo  PdCt^ 
Bibu  tttrrtx  Iwmi  iwbli:)!,  Iitil  tli<i  compouiKl  TVC*', .  2A'6'/,  wliich  hiu 
bMO  obtMiinl  in  mX  oclnlidlnil  crfsUUsr  ultnts  tbo  nUtiDnsJup  of 
tbia  sleiniint  to  thoao  with  whidi  it  is  classed. 

£ut  Qf  »tl  th«  ahamctMiatics  of  pnlladiuin  tbo  most  Dot^iroiihjr  ia 
the  power  which  tb«  metal  possenes  of  sbaorbing  hytlrot^en  gu.  It 
kp]>Mn  ttora  the  teoent  eipemaenta  of  Pn&Mor  Grahaiu  that,  iu  tli« 
eonditiun  tii  whidi  it  is  <li-t>OHittiU  bj-  oleutmlyMii,  ihii  mutal  will  ab- 
•orb  «  "occliulo"  »«nrly  1,000  tiinea  it*  voliiiii"  uf  hplrogun,  which 
KinotiRtA  to  about  three  fourthti  of  on«  pc^r  ci^ut  of  iU  weight)  and  in 
other  Miiditiotis  of  tbo  motol  tbo  power  of  absorpttun  ia  rei;  groat, 
although  not  ao  Urge.  Tho  same  phemimeDou  to  a  losa  degree  has 
also  b«en  obeen'ed  with  plntiuum  and  iiun,  and  coii«id«nhle  amounta 
of  "oc«ludud  "  liydroj^n  liavo  been  diaeoi'ond  iu  *vaw  vi  tlip  tiietimra. 
Tba  91a  tliu«  tiikon  U])  by  thcM  in«l«lit  i«  not  simplf  mccliatiically 
eondaiUMl,  us  wh«n  absorbed  by  cbnrconl,  but  appears  to  be  in  a  state 
of  partial  cheiuical  combination,  like  that  of  a  solution  or  an  alley  ;  for 
we  liod  tliat,  while  the  hydro£i>u  ia  easily  expelled  by  heat,  it  aliowa 
no  tendency  to  eaeape  Into  a  Taeunm.  The  gas,  however,  readJlj 
|«a>e«  tiirou^-li  a  heftted  pall.iilmiu  or  plaUaum  plate  hy  an  action 
■imilnr  lo  iliuiyxia  (5  (t2),  and  these  lui-lula  aeam  to  partake  more  or  loa 
of  a  eolldido)  ounditiini.  Ity  a  aimilnr  action  carbonic  oxidu  piuaoa 
through  the  iron  walla  of  fiimnc('«,  and  this  chat  of  plionomoiia,  when 
Authw  nvestigoled,  will  undoubtedly  be  found  to  bo  <iuite  general. 

When  a  mus  of  palladiuiu,  charted  aa  above  described,  i«  expoaod 
to  thn  air,  it  iwiDCtimi^  bivmniix  Ktiddoidy  hvnted  from  tbo  oxidation 
of  tli«  hydrogen  it  contain*,  nnd  tho  well-known  power  of  platinum, 
••peciatly  when  finely  divided,  aa  in  the  condition  of  S/ii»i//f,  or  tlie 
80-caU«d  Pfatiitum  Blatk,  to  determine  the  union  of  hydrogen  and 
oxygen,  and  even  to  ignite  a  hydrogen  jet,  together  with  a  large  claaa 
of  finiilur  rOVcts.  niay  be  i^xpIainM  on  tho  tame  principle-. 

S90.  Bjrdro^nlum.  ~—  Tho  quantity  of  hrilrogitn  "  occliidwl  "  by 
potUdium  amuuuta  to  nearly  one  equivalent  for  oniih  equividcnt  of  tbo 
mcut,  and  prwlacc*  a  marked  chnngn  in  its  phyKica]  qualities.  The 
volume  of  ibn  metal  la  increased,  its  tenacity  nn<t  conducting  power 
for  electricity  diminished,  and  it  acquirea  a  slight  Bttsceptibility  to 
magnetiani,  which  the  pure  uetol  doea  not  poswas.  Prom  thcee  facta 
Profvaitor  Grahnm  iiiferml  that  thi'  mctnl  char^l  with  f^  ia  an  alloy 
of  palladium  and  metallic  hydrogen,  which  ho  called  Hydrogatium ; 
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and  it  wnuld  appear  thai  in  Uii«  ivmBrktUa  |)iodnci  th*  ttitfoi[Mtio« 
of  chemists  tn  regard  to  tlio  motaUic  eooditioQ  of  hjrdNgoo  htm  bm 
Rallied.  If  tliu  inlteraoce  is  Dorroct,  and  if,  m  a  gmetaUf  th*  am, 
the  volutno  of  tbe  alloy  is  equal  to  the  vam  of  th«  voluiues  of  the  t«» 
Bietalc,  then  th«  Sp-  Gr.  vS  hydroKciuuiii  (deduced  trom  llimt  uf  tlw 
alloy)  mint  bo  About  2.  Tlie  diemioal  qualiliea  of  thU  alloy  u«  wj 
rMBukable.  It  predpitutw  niMcury  from  k  M>luiioa  of  itn  eUofU^ 
and  in  genenl  acts  as  a  atrong  ledncing  agent.  Kxpoaod  to  the  adiw 
of  ebluriue,  braniioe,  or  iodine,  tlte  bydrogon  lenvaa  tbe  patladiiua  aad 
em<.-ni  into  direi-t  utuou  with  iheM  elcneate.  Umwyrvt,  from  a  palb> 
diiini  wire  L-luii^  wilb  the  gas,  and  covered  with  caldned  OMgiMda 
(to  ivodor  tbe  Hadio  luuioous),  tlie  hydngMi  bums,  when  ligblttl  by 
» lamp,  like  oil  from  a  wick.  80  C*r,  ttmttfore,  a*  ita  obaraiol  actiri- 
ties  are  oonceroed,  hydrog?niiim  bean  eoowwhat  the  snnM  relattan  to 
hydrogen  gaa  that  ozone  beam  to  ordinary  oxygen.  PoUadiura  pbU 
or  wire  ia  moat  readily  obaij;ed  with  hydrogen  by  malting  it  th«  m^ 
tivn  pr^lo  of  a  gnlvnuic  luttoi?  in  tlw  prooeas  of  eloctmlyiing  waUft 
(Fig.  19,) 

391.  PLATIH7M.  It  =  194.8.  V^**- »  ^l-^-  — I'beoxlendad 
nsc  of  tliia  motol  in  practical  cboioMtry  baa  roaalo  it«  appoaratus  I 
tar  to  every  rtadent  of  tbe  acienoe.  PUtinnm  utensils  have 
inestimabte  valoe  in  chemic&l  inveatigatioBs,  on  aeoount  of  the  infiai- 
bility  of  ttio  mplul,  aiid  ita  wonderfnl  power  of  reaitting  cbaniial 
•genta.  It  not  only  doe*  not  oxidba  when  heated  in  the  air,  bat  umb 
of  tho  ocida  etngiy  act  upon  it,  and  ercn  aquo-irgia  diasolvee  it  but 
slowly.  The  metal  i«  corroded  when  heated  to  redoeaa  in  eonlaM 
with  the  cntiKtio  alkalies  or  alkaline  eortlie,  eepeoially  the  bjdnleitf 
lithiiitn  or  barium,  but  the  alkaline  cliloridea,  oarbonatnt,  or  : 
may  l<o  fused  in  plAtinum  crucibles  without  ii^nring  them, 
dilorine  baa  no  action  on  the  metal  at  any  t«Dpentui«,  and 
oxides  and  llie  chlorides  an  reduced  by  haat  alon*.  Pluttniun, 
ever,  readily  allors  with  BerenU  of  the  other  tnetali^  and  cat*  ma 
taken  to  conduct  no  operations  in  platinum  vesaeb  by  which  a  foaSils 
metal  may  bo  milnood.  Phosphoma  aiMl  aulphur  also  act  on  ptethnB 
to  a  limited  extent. 

Fbtinnm  is  very  dnctile  and  malleable,  and  two  ptocea  of  thenrtal 
may  be  welded  togeth«tr  at  a  white  beat,  altbongh  to  melt  it  the  !«»> 
perature  of  the  oxyliydrogcn  flame  ia  required.  Melted  pktinnin  ak- 
•orbs  oxygen  from  tho  air,  and,  like  silver  ((  161),  spite  if  aoddanly 
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oled.    The  same  ph«iu»Q«iion  has  beeo  observed  witlt  paOadiam  and 
rhoflium. 

S^i.  C%IoropUtlnMtM.  —  \Vben  platinam  is  dissolTed  tn  aqna- 
and  the  solution  evaporated  with  bjdrodiloric  acid  until  all 
the  nitria  aeid  is  T«nioTed,  browniidi  red  pritniatic  ajstala  form, 
rhich  aio  very  ddiquoaeent  TIicm  crratala  have  the  compoaitioD 
¥^tCff.  Gff^O,  and  «inc«  tho  ff^  in  the  molecule  are  ymy  readily 
aplR<H<d  hy  bmric  radicals,  the  compound  is  now  usually  called  ehti>n>- 
tinic  aoid.  From  this  aeid  a  large  iiumbtr  of  mIiji  are  readily  pr»- 
j,  and  tlieee  are  tho  moHt  important  coiapouads  of  plnliiinm  We 
ive,  for  exatopK  — 


Chloroplatiuic  Acid, 
Fotassic  Chloroplatinate, 
Ammonic  ChIoru[>lutiiuito, 
Sodic  Oilorojilutiiiati:^ 
Mngucdtic  Chloroplatinate, 
Baric  Chloroplatinate, 


K^PtClf 


he  nhlomplatinatos  w«ire  formerly  iv^ntod  m  double  ealts,  and  Ibe 
siuin  salt,  for  example,  woa  t^alicd  potasno*p)atini«  chlunde,  or 
I  double  chloride  of  platinum  and  potaaslum.     The  anhydroun  ploti- 
n)c  ohloriile  hoa  never  btwn  iaolated. 

Thi«o  iiills  harp  all  a  charact^risfiR  yllow  rolorcixcept  in  tho  few  nwre 
tlmvn  thn  iic'cond  basic  raiiical,  having  itself  a  strong  ctdoring  poirer, 
lies  the  lesolt  The  barium  and  aodium  salts  crystallim  iu  prinM. 
>  mainieaiiim  aalt,  and  llie  <:on«ep«nidinit  corapoiinds  of  cadmium,  linc, 
opper,  coliaU,  and  manguneae,  which  are  iiimri'>Ti)h<)us  wilh  it,  crya- 
iltize  in  rhombohcdrons.  Tho  potaairinm  and  ammonium  »a!t*  ciy»tal- 
<  in  lef^hr  octahedrons,  'fhe  hydrtnu  mita  aro  all  aiilnble  in  water, 
nit  ttie  Iiixt  two  an.'  nearly  insoluble  in  water,  and  wholly  ioKdnUe  in 
Jcohol,  TTicy  therefore  can  easily  be  obtained  by  prroipitation,  and 
thi*  fact  arc  bosand  iwv<<nd  important  methods  of  ciuantitative  anal- 
filoreover,  componnda  of  tlie  Mime  ganenl  type  may  be  formed 
rith  almost  all  the  orgnnic  boaoa  and  vegntablo  alkaJoida,  and  they 
ninh  on?  of  th<>  simplest  meana  of  dofenDinlDg  the  molectilar  weight 
'  euch  substances  ($  SSy 

893.   Chloroplatinitea.  — If  the  eolnlion  of  platinum  tn  aqiia-n^ 

evaporated  over  a  water-balb,  the  browninh  rvd  midno  diaeolroe 

lithoT  in  water  or  in  akobol,  and  from  the  solution  the  compoonds 
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deseribod  la  IIm  Uit  MctkRi  waaf  be  prepaied.  Bat  if  tha  Rsdoi  rf 
tha  «v^>ontion  i«  bcntnd  to  200°,  eblotiiw  eatspM^  ami  ta  ianUJi 
greenbli  bnvn  colid  is  obuiovd,  which  ia  wgntiilljr  pisOaoat t^ 
nit,  SHCIf.  PktiDOUs  chbmdo  tbtu  pi^Mied  ia  not  «ct«l  on  rm  I; 
nitiic  or  sulphtirie  acids,  but,  oat  of  conUiet  vitb  iXti  wax,  it  (iiajf« 
aqehaoged  ia  hjdroclilorio  acul.  From  llila  aulnttua  eijatalBM  alt 
mxj  ba  nadily  pnpuad,  which  have  been  oUIod  clUoroplatiniUK  h 


Amuonic  Cliloroplatitittak 
PbtMoic  C^iloroplatinitc, 
Ai^ntic  ChloTDpUtinit^ 
Ziocic  dUmoplatiiuto, 
Baric  CUoTDplatiiut«, 


Ji\PtC\ 
Ay,PtCl, 


These  compotmda  may  also  be  regarded  as  doable  aalU. 

$94.  PUUnona  BrcUatv,  PpMo^,  which  U  obbdnnl  tt  ■  lU 
powder  bj  dtgcatiiif;  pialtooaa  dJonde  with  a  solatkm  <tf  mait 
polaah,  diasolna  both  La  elkalica  and  aeida,  but  the  eonpouMb  iLa 
Ibimod  an  vixy  naataUa.  Ilatinotu  aitrito  utd  aoIphiUv  ho«<<  - 
fonu  crjTBtaUiiaUe  double  aalts  with  aevctal  of  tba  tnmio  bMic  ia4> .' 
which  an  best  Kgarded  as  platino-oitritM  am]  pUtuu^anlphitci  > 
spectiTclj.  Ftatiiue  hjdnto,  Pttllo^,  prepared  iadirvcLly  fmm  pit:  - 
chJotiile,  b  abo  aoloble  both  in  acid*  and  alkmliea.  Tba  Miiiie<r^ ' 
thus  funned  are  all  antiaUo,  thoeo  in  which  Urn  dvineat  Kb  u  e. 
acid  radical  being  tba  mora  dofiaita.  Pktinic  adlptiata  and  ^^• 
nitiate,  although  Ifaajr  have  not  been  uj-siallixnl,  an  maiy  obUiM 
in  acilution,  tba  sulphate  b^  crapotaltDS  a  Kdotion  of  tba  diknii 
with  Kulphune  acid,  tbe  nitnia  bj  deooonpoaiDg  ttM  mlplaU  aifc 
baric  nitmta.  LnUj,  hj  cantioasljr  bcatiiig  tba  hjdnt^  «t  M 
obtain  tbe  oomBpoading  oxides;  but  if  tha  tatupncatata  i nvtk  i 
eertaiu  degree,  they  are  at  oooe  eompletelj  ndaoaj. 

Vty  acting  ca  ditferant  platinum  saha  with  ammnfifa^^  a  toMUk 
«1mb  of  oompodsds  have  been  ofataioMl,  which  xn  bwt  nonM  * 
aalta  of  pUtiaam  baaea,  asd  aa  fimatd  by  th«  rnib  ■  jijjt  ^  tn  « 
non  taolocoles  of /f,y  soiduad  togetfaar  by  atotna  at  Pf  m  fKi^ 
though  they  probably  contain  in  aone  caaes  mora  conpW  jditiaB 
ndicnljL  Similar  compouDda  hare  also  been  fkuiaad  irith  mUaa 
and  itiiiinni ;  Hit,  altlKingfa  Uf^y  intcaaa^ng  aalQMila  of  sMf  ■ 
aeeoont  ut  their  manifold  typas  and  eoraplox  ■^mititntinn.  iha  i* 
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I  of  Aninionut  hruu-»  iUujitnitn  no  principlM  not  (lI^<^ady  ftilly  di*- 
,  and  for  a  (ietcription  of  them  wo  mutt  Kfei  to  more  ext«uded 
inotka. 

QUESTIONS  AND  PROBLEMS. 

1.  CulcuLito  tbu  pimuitufje  cumpo«ittcin  of  pintinum  orv,  eluoinatiog 
om  the  rumltH  givvu  Lu  J  3S4  Uie  ijaiuility  oJ  Iridounine  and  uud  with 
["wbich  the  OK  U  mixed. 

S.  Explain  the  old  method  of  working  pUtluum  otets  and  itluntrnte  tb« 
I  slepR  in  the  proww  hy  ivitctionk  To  what  extent  an  Ui«  umtoohLbti 
I  procipitAtfid  hy  unraonic  chlorido  ) 

i.  Point  out  the  relatiuiubip  between  the  platinnm  metola  and  iiou. 
tConipiiR  olso  ihvK  (ilcnieTiIa  with  each  other,  nnd  conwder  especially  llie 
IdunicivrutiiMi  dlBtinguinhiug  the  thren  ifroupt  into  which  they  have  been 
lividol  in  Table  IL 

4.  By  whatcharacUm  are  the  pUtinnm  metala  >a  »  data  chietty  mailced T 
ake  a  table  which  will  bring  into  compariHD  tli«  diffemit  doable  ehlo- 

I  of  th«M  •lamonta. 

5.  Eiphiin,  on  the  principle  of  diolyflin,  tho  tran8nii8i»toD  of  hydrogen  gM 
ough  the  walU  of  n  hmt'Ml  pnlliuliiim  or  plntinnm  tube. 

6.  Regardlni;  the  hydrogen  eonilcniicd  by  plittinum  u  chemically  combined 
rith  the  metnl,  can  ynn  find  in  tlii«  clrcnntHtatice  an  tipUuutiou  of  the 

ihonced  cDpr^y  of  thn  gni  when  in  this  OAiiditiou  t    Coiuider  the  poliuin- 
OD  i>f  the  Dt^tivc  plulinum  plate  in  a  voltaic  cell  at  uu  illiMtntliuii  of  th« 
)  principles 

I.  Write  tfae  ^inbolB  of  the  cUoropUlinatea  and  cbloropktinites  on  Uu 
cinnpiion  tbat  tlwy  uc  doubU  Mlta. 

8.  Show  in  what  way  the  pUttnic  Mlt«  tnay  he  naed  to  d«teTmlne  the 
cular  wdght  of  an  organio  boae,  and  gi*«  ta  Illiutration  of  the 
oiple. 

9.  Write  the  resctlona  by  which  pUtiuic  >ulphate  and  nitnle  may  b« 
epBied. 

10.  Write  the  TMCtion  of  a  nolution  of  platinic  chloride  ou  a  tolution  of 
«ic  nitrate.    Platinic  nitroto  i*  one  of  the  products. 

II.  Write  the  reactjon  of  sodic  farbonate  on  a  Kolntion  of  platinie  nil< 
,aatiuuiiug  that  the  chief  product  i*  ptatinio  hydrate 
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U>  Wlito  thsmetiotiabjr  which  jdatinouh)ndiBtaiiiafb*pi^u«d. 

13.  When  pUtmona  chloiida  diHolvn  in  hjdiochloriD  toid  ia  eaitaMt 
Tith  the  air,  what  u  the  leactionf 

14.  Make  a  achems  illgatwtiiig  tha  omatttMUwi  U  't'-*'''TW  of  the  nun 
inpotta&t  componndi  of  th6  pTatin""'  hanna 

10.  Kxpliin  a  i&ethod  of  ifTfiratifig  the  rlalimiiw  — **t*^  from  aacth  oths* 
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FANnnc.  Ti  =  60.  —  Quadrivaleni  No  compounds 
ig  lu  u  lower  degree  of  (juantivalenco  are  wUb  cuTUlaty 
known.  A  comparatively  rare  I'letncnt,  but  not  uiifrc>|Uuiitly  uosuci- 
ated  with  iron.  The  most  abuodiukt  iiativn  compound  U  ^lenacuuiiK^ 
or  TiUuiferotu  Iron,  vhase  Bymbol  bos  olnody  been  ^voii  among  the 
iron  oral.  Thii  mim-nil,  huwevur,  is  in  most  casee  an  isomor|>houa 
uixturo  of  ( TiJ''f)0^  and  t't/)^  com«times  containing  alao  magnedom 
•nd  ntnngiineso,  imd  tiius  ariso  tho  numcroua  varietiea  which  have  been 
distinguished.    The  other  important  compoumU  wo,  — 

Entile,  Brookite,  and  Octahedrite  (3d  or  4lh  «)-rtcinX  TiO^ 

Tm-uSsViUs,  (llhombohedral),  CvOfTiO 

8phi-Ti(i,  (MonocJinic),  ( CarO-TC^O^ 

Tttnniiim  is  also  usocintod  witli  coluinbium,  tantalum,  cetium,  yttrium, 
anil  drconium  in  n  niunber  of  rarn  mincmls. 

396.  Motalllo  Tltsuilum  hiu  never  bcon  obtained  as  a  nuaiiva 
metal,  and  \\a  properti^  are  very  imporfectly  known.  As  foimod  by 
diMKJiiiiwsinR  tho  potassio-litanic  fluoride  with  potassium  it  is  a  dark* 
grucn  jibwdvr,  showing  under  the  miorowope  the  color  and  luatn  of 
iron.  In  tbijt  condition  it  is  very  uoiubustiblc^  readily  (!i«M>lvM  in 
hydrochloric  acid,  and  even  d«compoees  irst«r  at  the  hailing  point. 

397.  Tltajilo  OUortds,  TVC/,,  u  okUined  by  paauag  chloriiio  kos 
tbruu^h  ail  inliiualii  mixturu  of  tititiiiu  oxidu  uud  (.'drbou  iiitirnxuly 
heated.  It  in  n  huavy,  colorless  liquid,  boiling  at  135'',  and  yielding 
ft  vapor  nhosp  Sp.  Or.  =  98.65.  EipoMd  to  tho  sir  it  abeorha  moiat 
ore,  nnd  gradually  solidifioa,  forming  o  crystollino  hydrtta  which 
iea<lUy  di^auhua  in  watcir.  From  this  solution,  if  raffidonily  dilut«, 
almo»l  the  whole  of  tho  titanium  is  precipitated  as  a  hydrate  on 
boiling,  and  tlin  same  ia  true  of  tfa«  solution  formed  by  dismlTing 
tho  nntive  oxidat  (afUtr  fusion  with  tut  alkallna  oarhonatu)  in  hydro- 
chloric acid, 

398.  Tltanona  Chloride,  7V,C?«  is  framed  by  |MUting  n  mixture  of 
Vii^l,  and  Hi-Ill  through  a  red-bot  porcelain  lube.  The  oompound  is 
thua  obtained  in  dark  violet  acalea,  which  readily  diaaolve  in  water 
forming  a  violet  eolation ;  hut  in  contact  with  the  oir  this  s<dution  grad- 
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aoUy  loses  its  oolur  and  (lo[>out4  lilanic  hy<lmt«.  Tba  mubo  color  b 
pioduccil  by  builiiig  with  tin  u  Roliitivti  of  titanic  oxitla  in  hyiliodib- 
lie  uctd,  &iid  this  roactioQ  is  tlio  best  tcet  for  titaiiiuni.  The  toliitics 
ot  Lituuoua  chloride  Is  ft  very  putverrul  nxlucing  ngciit,  which  iodiabt 
tlial  the  mdicnl  [7VJ1  is  iiot  *  stabl*  condition  of  the  tdoinimt 

399.  Titonlo  Bromide  and  lodldo,  7\A-,  ud  7\7^  an  AhjUi 
and  ToLililv  cr^'Ht^illinu  ixJitls. 

400.  nt&nlc  riuartd«,  TiF,,  \»  a  fuiatRg,  wtoTl«aa  liquid,  obtalBtd 
bj  duelling  a  mixture  of  lluor«)>ar  and  UtaBic  oxide  witJi  mlpliarit 
odd.  Thia  i:oiiip<'iund  Id  r<:«ilve<i  by  inUn  into  tolubU  hydn>tlta>ic 
fluoride  luid  insotuhlo  tituiiio  oxyfluoridc^ 

401.  Hrdro-tltanlo  Flnorido,  Ttf^  .  SffF,  i*  Um  idd  of  aUrgi 
ctaas  of  sail*  whii^h  ara  niuly  raiulu  from  the  Klation  pnidaeed  a>  jntt 
atattuL  The  ammonium  aiid  j)ot«Miunt  aalts,  which  ara  tbo  meal  ilft- 
portant,  butU  crystaUiio  in  uhito  anhydioiu  scstos. 

403.  Tltanio  Hydiatea.  —  A  laise  uuailier  of  thoM  hydmtga  han 
ba«o  distiogiiliilied,  and  Uiey  affect  two  •nry  different  loodifiotiou. 
Thoaa  obtained  by  prccipitiiLioa  with  ammonia  leodtlydtiacilve  ta  uMm, 
and  when  heated  am  couvurtod  into  the  luihrilndv  with  Tivtd  iiuafr 
dewence.  Thoeo  obtained  by  boiling  dilula  wluttnnt  nf  thn  diloridt 
or  anlitliate  are  insoluble  in  alJ  acid*  oxcapt  atroiig  sutphiuic.  Tbty 
(pre  off  walvr  more  mtdily  tliau  tba  othera,  and  the  dehydratioii  is  Ml 
aUudod  by  tbo  mmu  inoxndoacenca.  Tbo  cnnpoaitton  of  Umc*  by- 
dratea  daponds  on  the  UmpeiataK  at  which  tboy  an  dried,  and  they 
may  bo  n^arded  as  derived  f^om  tbe  nonual  hydnta  by  the  nelhod 
repeatedly  illustmtcd  and  oxpracaad  by  tbe  gcnenl  equation 


■  TTJy-),  -  mfffi  =  (0.7V.)/fc«._^ 


[360] 


Tbe  two  modifications  have  boot  obtuned  in  the  auMe  degreea  of  hyd»- 
tiou,  and,  «o  far  as  known,  tiny  aio  iaaiiinic.  Moraovar.  by  dialyw 
a  |nire  aqiwooa  aolution  of  titanic  hydrate  has  been  procur«<l.  wliitb 
gehtllai«a  when  coDceiitiat«d,  and  endently  oontains  the  coupoaiul  in 
a  culluklal  condiMon. 

403.  Tltanio  Oxide,  TiOj.  i»  diit&y  inleraAittft  ftam  lh«  XmI  I 
it  affcrt*  thiw  •lifforent  moditioitions,  which  are  Tcpreaent^d  in 
by  the  minomls  Rtitile,  Ilrookite,  and  OcUlutdritv.  Tbeaa  thna  bo- 
muric  bodies  diffi^r  from  eadi  Other  in  crTstallino  fnmi.  in  denaity,  mad 
in  bardneas.  liutili.-.  th«  moat  abundant,  baa  tbe  CTMieat  harditeM  tat 
density.     Ita  cryttala  are  tetiagoaal  and  isomoTphooa  with  thoMof 
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8n0f  Erookitfl,  which  stiuuU  noxt  in  haidiwM  and  donsity,  affects 
fonns  of  Iho  orUiorhoiDbic  sj'etom,  which  aie  approximately  iB0IDO^- 
phouB  with  thwe  of  MnOf.  LiMtlf,  Ootahoirito  is  softer  and  lew 
deoM  tbaii  either  of  the  oth«n,  and  ita  crjiitala,  although  tetmgonal, 
dilliir  eKiuitiallf  from  IhoM  of  Rntile.  (Ptobl«m  3,  page  S62.)  Tbs 
•aiiM  difiwrenoM  have  been  ohaerved  in  ctjAtala  obtaiawll  artificially  by 
deoompoung  Tit\  ur  71^/4  with  «t(nai,  and  it  in  found  that  the  natars 
of  (be  product  daponda  on  th«  tiMaporaturo  at  which  the  reaction  takoa 
plan^  the  faaideat  and  most  dense  ciystala  being  formed  at  the  htgluiiit 
teupeiature. 

In  i(«  dutitie«t  condition  titanic  oxide  has  a  red  color,  and  is  iiuH>1a1>lB 
in  all  Boidn ;  but  thu  white  anhydride,  obtained  by  igniting  titanic 
hydrate,  is  convrrti^  into  a  Kulphate  whfrn  boated  with  strong  eul- 
pbmio  acid,  and  may  then  b«  diawlvad  in  water.  The  native  oxidea, 
abo,  may  be  Tendered  lolabb)  by  Auion  with  alkaline  carbonalea  or 
binklphatea.    It  melts  before  the  compound  blowpipo. 

404.  Tlt&nona  Oxide,  Tifi^,  is  obtaiuod  aa  a  black  powdnr  vi\\va  a 
■Irwm  of  hydrogen  is  passed  orer  ignited  7*10^  It  cliwolveo  in  «ii]- 
phuric  aoid,  forming  a  Yiolat  soInUoB,  iVoni  whirh  the  alkalies  pr^cip- 
itoia  a  brown  hy<lnite.  A  similar  n>diiclion  takes  place,  and  the  same 
violet  color  is  prodocnd,  when  TiO,  is  dissolved  in  fused  borax  or 
microconnic  salt,  an<l  the  bead  heated  before  the  blowpipe  on  chaicoal 
in  contact  with  a  small  globule  of  tin. 

405.  Titanic  BulpUda,  Ti&j.  is  forme<l  in  large  braia-ydlow  lua- 
ttons  8cnli»  wlien  a  mixtun  of  SI^  and  ^Ol,  b  passed  through  a 
gbss  tabc  heated  to  incipient  fvdtie'js.  It  Id  decomposed  by  water, 
ud  cannot,  therefore,  bo  obtainud  by  prodpitntion. 

40S.  MitildsB.  — Titaniiun  has  a  marked  aHinity  for  nitrogen,  snd 
combines  with  it  111  several  proportions.  When  diy  ammonia  goa  is 
poaenl  over  TiCl„  il  ia  rapidly  abaorbcJ,  with  great  elevation  of 
tmnpemtiire,  and  the  rcsiiltiitg  brown-red  powder  has  the  symbol 
{H,fStT*flClt,  This  compound,  bcatwl  in  a  stream  of  ammonia  gas, 
j\idAa  a  coppor-colorod  substance,  which  ia  Ifae  nitride  7V,iV^  and  Uiis, 
whan  further  heated  in  a  current  of  hydrogen,  is  converted  into  a  se» 
ond  nitride  (77^j1)  having  a  golden-yellow  color  ajid  metallic  lostn, 
A  third  Ttidct-coloied  nitride  ha*  Ibc  aymbol  T^N^  IjwUy,  th«  very 
eoppw^colorod  cubic  crystals  sometimes  found  adhering  to  tlui 
of  iion-ftumacM,  and  formerly  mistaken  for  metallic  titoniuiD, 
havo  the  compoaitioD  expressed  by  the  symbol  Ti^CNf, 
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«!.  nx.    £b  =  US.— Bmlnit  Mid  iioadninlflnL    VuMit, 

Ammam^MmtaaiitioB.    The  ady  vilnablB  oat  at  tin  iittoak  . 

ao^oIUm  Mi— j^  rMMMiiii  III  Till  m «iid  ifakBb^ 

•khatfrvWafili^  dMtjr is  CgcBnU,  M»l«tt-».  Bobm,  AiMah>\ 

lb  ryito  [&Jtr}j<^fiS;|i&,  ud  ■  ■aocwtwl  -wiUi  cuteaiiml 
HmmMm,  ^IDMWM,  Hill  ui »  fcw  pub  miiwrrala,  bub  its  Map  ia  MiN  | 
ia  Btt  M  k— Ti,  ■  Tgy  Itmiiwi 

n*  Bital  i>  atatad  by  tedneuig  tfan  tutira  axidairitiiaal;kB| 
■hfcoagh  a  thmarjmt  smpk,  tltis  prow  in  in  pnctJca  i]iitt«< 
at^    Tlkt  oM  n^nrai,  |ii«fiD«i  la  Miwlting,  «  prakngiA  i 
tnatnUfUd  ialba  tamaamhig*  roiTTnirt  nf  iniitil  piwri  iitmrl 
■li^  wiaA  Cardan  kan  ta  b«  wadBsd  one 

40S.   IfililHii  %B  baa  a  bmHiu  while  enlar  and   bright ! 
Il  hm»  m  t  ijrtilliiwi  atxaetan,  aad  Ifae  bre&kiiq;  of  Ihv  arjvUl*  i^irt  I 
tdch  otlKr,  aba  ■  bv  of  Uw  tMtd  ia  bmt,  prtMlaou  tb*  pa 
kwim  M  ik»  trf  of  Hm.     hy  alow^  cooHiig  tba  Awi  i 
toptab  on  baobtaintd,  wiiieh  balong  to  tfao  tetntnual^i] 
tern.    The  tenaoiy  irf  tin  ia  Jeebie,  bnt  b  can  Rwdtljr  be  mU  iri 
beaten  into  tbta  leara^  wbieb  an  w«jl  known  tuxW  lbs  lanaaof  ^  j 
foO.    fjiL  Gp.  >:  7.3.    Iblts  al  223°.     BoiU  at  a  while  hcaL  I*  I 
rior  oooiltMtor  of  bat  tg  ■lirtiio^. 

Tin  doM  not  taniab  in  a  moist  atmoaphore  wbtch  ti  tne  tmt^  \ 
fkat,  bat  whan  Bated  te  tba  ait  it  slowly  oxtdizBa.  and  al  a  i«l  k* 
deeorapeaes  ataua.     Bydradiloria  actil  diaBulTcs  tba  nwtal  aftitf.'tf  i 
pfodoeta  being  atannoni  chkirida  ami  liydtugen  pw.      It  aJai  i 
alowljr  when  boil«dwith  dilot*  ralpfanric  a«td,  yielding  ttaaima  it  j 
pbate and  Ubetating  Ikjdraeea  aa  befotn.     Wfavn  the  solpfaaiif  id'] 
BOacenttated,  SO^  ia  ewdved  and  atannona  anlpbatu  fcanal  m^* 
loi^[  ai  the  tin  is  in  tonesa.    If  lbs  add  ii  in  axoen,  aolphni  «|**t 
and  Um  product  ia  alannic  aal|>hal&     Very  atroag  uitne  aad  iWtf 
ati  on  tba  metal,  but  when  aoraawbat  dilated  it  coiinr«tt«  the  tis  U*l  { 
wlUlo  hfilnto,  ioaaluble  in  an  exoesa  of  tbn  acid.     Aqn'Rhtv  :■'  a* 
too  ooBcentnlod.  dissolTaa  tin  a*  stannic  chloiiilB,  and  tbi  iltatv 
hydnte*  and  nitntea  also  aet  npon  it  at  a  high  tanptaatani. 

Tin  vailm  directly  wtUi  moat  of  tho  noii'mvtaUie  iliiaaih  a'  I 
fomw  alloy*  with   many  of  tbs  metals.     Tha   alloys  with  oaffKi^ 
olrakly  bc«a  mcntioamL     Pewter  and  plumber's  soldat  aai  tA^i  I 
tin  and  l«ad ;  Uritonnia  metal  is  an  aUoj  at  frrani,  tin,  h^  md  W I 
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Itfar'aUndgor  mirrara,  itn  snolgnao^  tin  «id  mtitoorfi 
t^4f^iPMUUtil  timlnt  and  power  of  nsutrng  atmospberw 
ats,  tin  18  macti  us^d  for  costing  oth«r  metala.  The  comraou  tin- 
I  is  ma'le  of  theat'iron  tliua  protected. 
409.  StkaBona  Chlorfd*.  SnCl^  —  Tbo  siihTdroat  oompaand 
iatter  of  Tin)  obtaiii«d  by  h«Atiug  niercurio  ehlo«d«  with  nn  oxctM 
'  tin,  or  by  IwiLtiug  th«  mutal  in  faydiuoblorio  ocitl  gw,  is  a  fusible 
Phit«  tK>1i<l  wilb  II  fittty  lualro^  itotublo  in  wAt«r  «nd  nkobol,  Tbe 
hjdrt>«»  mH  (tin  Bills),  fonii«d  by  cnr«tBlliring  tbo  wlutiun  at  tin 
in  hydrochloric  nriil,  hns  tho  fiymbol  SnC'lf.  3  Jf^O.  Tbe  pur«  CT>'«talK 
dufolve  perfectly  in  a  email  amount  at  water,  fteo  from  air,  but «  luge 
aunt  of  wator  prodaoes  a  pttitial  decompowtiuii.  ' 

(2  ShCI,  +  3  //,()  +  Au)  =  Sn.OCl, .  2  H,0  +  (21101  +  Jf).  [Zdl] 
a,  nlKP,  when  thu  solution  ia  «x{Hncd  to  tlio  air. 

2  (Sn,OCI, .  2  H,0)  +  (2  5»CT,  +  Aq).    [3C2] 

•  Tbo  oxycbloriilQ,  which  ti  milk-white  uul  insolubla  («v«n  in  dUut« 

ds),  rondoni  tha  tolntion  in  botb  cmm  turbid.     >'iee  JiydTOofaiutio 

j,  tartaric  acid,  and  sal  ammoniac  pi«r«»tth«deotmipoeitioik    Owing 

I  the  unaatistied  affinitiea  of  the  tin  tsdJcal,  atoauoua  cliloiide  k  * 

'^^wwerful  r«duouig  ap«Qt  (§  3S0),  and  ia  much  luod  for  this  porpoee 

both  in  tiiti  labontory  and  ihe  dy<vhonae.     It  aljw  acta  aa  a  mordant. 

LsKlly,  it  furma  aalta  with  aeveml  of  thu  metallic  chloridea. 


FotaMtio-ictanitouB  Cb  to  ride, 
.  Bariottaunous  C'liloride, 


a(Ci;.2jrc/.(i,2,or3).fi;o 


4in.    StaiiDta  OhIoTlcle.  SWC7,,  may  be  made  i^ilhiw  by  diiitilting 

^Tnixturr  of  tin  ami  taotvnnu  ebtflridfi,  tho  Im(  bning  in  txtv**,  or  by 

ating  tin  in  chlorine  gn«.     It  i*  a  oolorleM,  fomtn);  lir|nid,  boiliuft 

1 1fl',  and  yielding  a  vapor  whoae  Sp.  Or.  =  132.7. '  The  W<jui<l, 

to  the  air,  oa^Iy  abaorba  moialoTe,  and  chan^ieB  int«  a  cttk- 

IHnc  »olid.     ^^Hifn  mixed  with  wattr.  iulenau  liwil  is  evolrwl,  and 

taolntion  fnrmnl  wbirh  yield*  on  «vajMmtion  rhombnhMlml  eryiitals 

SnCI^  .  S  ff,  0.     TImwb  crrMtnl*.  drwsl  in  isifva.  low  S  /t,  0,  and 

them  ifl  i«Asnn  U\  bcli^^vr  llut  the  rrmiiinintr  2  ff^O  nrw  «  part  of  the 

tnolecitle  of  thp  salt.     If  wc  ^l>(nl^!  th<>  atonis  of  thiorine  a?  trival«nt» 

•m  can  easily  aee  that  sneh  an  atomic  group  would  be  posaible,  for  we 
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miglit  thPD  havo  tho  aDiToleat  mdial  (ff-Ct-Ct)  ^  Bei  npbengl^ 
■11(1  tlM  oymbol  of  the  driad  «n)t  irmild  b«  irrinui  S^Ha^tid^t    lb  I 
•uM  i>riiMii|>l«  may  be  apf)!!*)!  in  oUtor  coaes  wbore  Um  f»^a»4f  j 
tbo  action  iniiiciit«*  that  s  otuanioal  oaioa  baa  KUcen  plana  b 
anhjrdrout  chloride  aud  water.    Socb  bodiaa,  huwmig;  wmj  •)■  b  | 
nguded  M  chloHiTdrtDM  ($  SSO),  to  which  hhiIocuIm  at  SO  i 
united   id    placo  of  water  of  gyrtallimiion.      Thna  the   sjbU  4  ' 
Um  bjrdioiu  chtoTida   wa  Iwvo  boon  dtwttsMiig   mighl  be 

Althoujili  rtnnuio  cUoride  fonns  a  dear  aolution  with  a 
amount  of  wnt«r,  copious  dilution  deifammara  tho  jmvufiMlmMl 
tbe  greater  part  at  tho  tin  u  ou  iiisolubl«  stanniu  hTtlnleL  Ba  ( 
&von  tbi»  ddcDinposJtioii,  awl,  on  the  other  band,  Um  pnMocii  4» 
iatffl  «xce«  of  bfdiDchlorio  acid  preveota  it.  Stannin  rhknil*  mim 
with  a  cuiwidumble  tiumbar  of  bodies  both  OTpmi«  and  iaoipi^al 
fonos  doubt*  nlbt  with  Mnvural  of  tbo  mubillic  chlocidot.  AiBDM 
ataanie  chloride,  &iClt.2Af/,Cl  (Pink  .Salu  of  thd  dnm^a! 
moTpbona  with  tbe  eofnepoiKliiig  compound  of  idntiunto.  As  i 
aolution  of  S»Ol,,  mode  hy  diBolring  tin  in  acjns-r^ia,  ia  jfaitt 
toiiMToljr  uied  in  djuing  lor  brightening  and  ftxiag  coiuii  lal vim 

Thoro  aro  two  bromidoe  and  iodidea  of  tin  tuunapuudhig  U  lii 
chloridM.  There  ia  atao  a  stonDona  Sooride,  and,  nlUwngh  riMB 
flooride  bu  not  been  Uokted,  a  laige  number  ai  donblB  rta&aie  !■» 
idea  or  Bnoatannatea  arc  known,  which  are  iaonorpboaa  vitk  4t 
eotneponding  componniU  of  tiUaiam  and  silicon. 

411.  Hjdratea.  —  BtanBona  Hydrate,  the  pranpitolc  «iwi 
fella  on  adtlin^  id  alkiUira  cariionnte  to  a  aolotion  at  afaunMt  ^ 
ride,  is  Mid  to  bare  tbe  eompoeitioii  Ba^'^StifO).  It  b  loUka 
both  olkaliu*  and  acid*.  Bolted  with  water  or  ■  weak  iahti»^ 
pntAxh  it  IK  ntfl<l«i«d  aDhydniQS ;  but  if  boihMl  with  a  omaet^it 
•olntion  of  this  alkali,  it  yields  potaaaic  slonnata  aud  oiiUoQic  a 
Ute  moist  hydmte  nbeorba  oxygen  troia  tbe  sir,  and  acta,  hk*  Ito 
chloride,  M  a  redurini;  ogeat  The  only  imiMrfauit  oaygca  aJt » 
tus)>onding  to  Ihis  hydrate  ia  atanooni  aulpbatoL 

Btannic  Hjrdfate,  like  tilenic  hydntOh  afljecta  both  a  a^U**' 
an  i&MdnMe  modifieatMHL     The  hydrate  precipitated  wbea 
it  added  to  a  (oltition  of  itoDnie  chloride  dtnalvs*  mdi|y  talk ' ' 
adds  Kod  alkoUea,  while  that  oUaiiied  t^  boiling  tbe  aami  aM* 
greatly  dilated,  or  by  acting  on  tin  with  uitric  acid,  k  JMnlitf'  " 
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modi,  and  disaolvoa  Iras  rradily  Uian  tb«  first  in  alkalies.  The  cmb- 
pnoitiuu  of  these  bctiiai  rariea  with  the  toicpuiaUtre  at  wludi  tliey  un 
dried,  hdiI  tlii'y  uk  uanuUy  distin^inMhod  m  iloiinic  And  DUtutunic 
bydnitcj.  like  tbo  conusponiiiiiK  compounits  of  titanium,  they  may 
be  re^idod  as  ilMivwl  (am  a  normal  hydtnta  of  oithea  clau  by  tl)« 
flJimination  of  hucgomivb  iDol«oalea  of  wat«r.  Th«  aalu  obuiued  liy 
diMoiviDg  atanoic  hydiata  in  oxyg«n  acids  arc  unimpoiiuut.  The 
•ulpbata  tK  the  most  stable,  but  this  is  complelttly  deaom|>cwMl,  and 
tlin  tin  prcc)j>iuitv(l  as  u«tatflauatc  hjrdtat^  when  tba  aqueous 
aoiiitii<n  is  diluted  and  boilnl.  Tbo  compouudi  in  wliidi  the  atom 
&a  acta  as  an  acid  ndicnl  oid  much  mora  slablat  Ttim  alkalim 
ate«  oyitalUze  readily,  and  both  potassie  and  sodic  stnonatM, 
ur  Jfa)f'OfSnO  .  i  JlfO,  an  eonuneiciid  producla  luucb  lued  as 
uU.  Xbdr  tffl<w:y  depends  on  the  Cact  Utat  aminonio  ehlorida 
all  acids,  «Tcti  tbo  COf  at  Uw  atmacphcn,  deeompcao  Ibcao  nalta 
■>hen  in  toliitiDn,  and  tlio  staiinio  hydnta  thas  pmcipitatod  in  Uw 
Ibni  of  the  doth  bimls  tho  coloring  ntattor. 

Thfi  cbmpoun<l8  obtained  by  dissolTing  inetastaDnic  hydmtA  in 
kaline  aoIvouU  uaunut  be  otyKtsllued,  but  am  pK«ipiUt«d  on  sddii^ 
thn  ncibit.inn  ciiiiilia  pitunb.  Tho  pntfuwiom  mlt  thus  obtained, 
nt  1L>6°,  hM  tho  eoiDposition  A't-OfSH^O^.iJf^O.  It  ««• 
■erly  sxippoeod  that  the  p6C□lia^  qnalitias  of  the  metaataiuiie 
ydtaUw  and  the  inetastooDBtes  wen  doe  to  tlio  atomic  grwipint; 
npre«Hnt«d,  but  this  opinion  has  not  been  siutuned  by  moiut 
llTesti|{BtiousL  Tho  valor  teiptesenled  aa  wator  of  cryHtalluution 
bo  TCiBovrd  without  dooompoeing  tho  salt,  and  is  eritbintly 
of  eonsHtiition  :  so  that  wo  have  good  Rin«4D  f»r  writing  tlio 
Dbol  I/t,K^O,c*{Sn,0^),  aftot  the  type  of  the  normal  stannatee,  and 
<  may  rogaid  it  ss  an  wuimple  of  the  tolnble  colloidal  bydialee,  to 
rhicli  we  have  bcfon  tefenvd  {§  2^).  This  view  banuonLzi<e  with 
luT  f^icts,  tbiit,  i>ii  bulling  an  aiiuooua  eolulton  of  thiit  cotnpouud,  mela- 
itnnic  bydmt«  is  pncipttoted,  and  that  by  tlialy»is  a  txilutiun  of  both 
annic  and  stannic  bydratM  in  pun  wat«r  may  bo  obtained, 
he  two  cbfisfs  of  compounds  ore  prabably  isomodc,  Wt  differ  in  tlie 
egtee  of  mol^culsr  condenaatioo. 

412.  Oxldas.  —  Stonnoua  ox>dc,  SnO,  may  be  obtained  in  rariona 
aye,  and  ita  color  diflraa  acootdiug  to  the  mode  of  ptepatation.     It 
I  a  strong  nffinity  for  oxygen,  mkI,  if  sot  on  fiie  when  d/y,  bunu  to 
lie  oxido. 
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Stannic  oxide  baa  1>eea  erjrsUUiiod  utificially,  not  onfy  n  tt 
forma  af  Tin  Stono  iaoiDOlphoitt  with  Kutile,  bat  also  la  loaa  W 
nioq>boiia  villi  BrouJcito.  Ab  obtunod  by  t^^ttag  Um  bTiUil*,  « 
by  burning  isotollic  tin,  it  ui  an  «m>ur{ibuud  vrliita  puwibir.  It  ^m 
eren  greater  resistattica  to  th»  action  of  cluumciJ  o^^ts  than  Titi^  U 
\a  unt  utttickod  bj  oeida,  ovon  whua  eoncvntzmtMi.  It  is  oot  diadnl 
by  fti»i»u  with  aikaliBO  oatbantttes,  but  is  tantlared  solublo  bjr  Son 
with  oaiutic  alkaliw.  It  U  also  lAken  up  wUen  fuaed  wtifa  md 
pgtiuHia  aalphatD,  but  aeparatta  uomplclely  whuu  tho  fiiMd  mm* 
diMol*«d  in  wativ.  iitynovtit,  liko  litouiu  oxido,  it  u  raty  hMlnl 
inftuibla,  but,  iinliko  tbat,  it  is  mlnixd  to  Ibo  ip«it»<llK  Mate  rt* 
ignited  in  a  etreani  of  bydtugon  gu. 

Deodes  SnO  and  SnO,  aa  iitt«raindtato  oxide,  S*,0„  hm  ba 
dietingBUliod,  but  it  dow  not  brm  defiuit*  aalta.  Dtsaolvwl  in  hffe 
ohlotio  a«id  it  ijiru  witti  auric  ehloride  tbe  bouitiful  patpl«  pndpt* 
known  as  I*urplo  of  Cawius  ($  393). 

413.  SnlphldM.  —  riie  ibuk-bruwn  prucipitate  wliicli  Eilli  'ia 
HfS  is  posted  throngh  on  oeid  aolutiuu  of  a  ataDooiu  mlt  it  ^i.'i^  uJ 
th«  dtUl  yellow  ptecipitata  nrhiob  fornu  nD<l«r  tba  ^aa»  dicniu^na 
in  aaolution  or  a  stannic  salt  is  a  bydiato  of  StiS,.  Tfa*  hatdlb* 
disaolrva  Tvadily  in  solutiuua  of  alkaline  mil|ilii<lM,  and  finna  «A 
thom  d«<liiiit«  Mlt«.  It  i*  atno  aulobla  tn  Uin  fixed  alkxlitm  hyima, 
and  in  tithi-r  cam  i«  pT»oii>ttaU>d  unuhanged  nrhon  the  nlkali  b  mnoi 
iead  with  on  acid.  Arnanow  stilphido,  on  ths  otber  haod,  iW  k1 
form  salts  with  tbn  alkalino  sitlphiiln*,  and  does  not  dissoln  b  wt* 
tionc  of  theea  compounds,  onloas,  like  Uia  oouinimi  yellow  ammn 
milpbid^  th«y  contain  an  excosa  uf  aulphur,  whoa  it  ia  oiMimt»l  Efli 
SaSf,  and  aa  auflb  is  preeii>itat«d  on  neottalizinn  tUv  nl^-K  U  J«% 
howBvar,  diwolvu  in  tba  lixed  alkaliita  liydnit«s  ;  but  trbsn  U  «n* 
of  acid  is  added  to  the  mlutiou,  a  ydhiw  prDcipitata  of  £a^  UK  •* 
laining  only  on«  half  of  tlm  tin  prcwnt. 

Tbe  beautiful  yellow  Qaky  luntenal  known  a«  tnoaalc  gM,  and  s^ 
in  painting  to  imitate  broiue,  coniosta  of  anhydroua  nfnnnh  nt}]A>k 
and  is  obtained  by  anbliming  a  mixtiue  of  tiii,  aulphor,  oal  ^but-q.^ 
and  mercury.     Tlioiv  is  also  a  iMia|iiiBulpludc,  Sn^S^. 

4N.  Componnda  wrtth the  Aloohol Radioala,  ^—  Tlw  ffitnp— ^ 
ftie  vaiy  nutnoous  and  liidlily  ini|jortuit  llieoiwtiadly,  bsouv  ^ 
aatabtiali  bq^md  all  doiibt  tho  atonic  mlatiuita  of  Lin.  Campi^^ 
have  been  obtained  ooutaining  mothyl,  otbyl,  and  unyl.  athm  M|lf 
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or  aMomW  togctW.     Tbroo  componnds  m  known  conhuuiug  otily 
tiu  uid  ethyl.    I'uttiDg  (C,/i^)  =  £l,  we  hare 


Sn'Et„ 


(S.'^f.H-S'f'iTO, 


SioEt^. 


All  thrae  Me  coli>rl«M  oily  liquida.  The  lut  is  tho  mort  *4«)jlft  Wil- 
ing «t  181°,  uid  yielding  &  vapor  whow  Bp.  Ur.  =  116,  TltaotlitN 
caiiiK>l  bo  vobtiUsed  witfaout  ileoou]xiutio»,  and  iinile  dinctljr  witU 
O^TW^  cJUori]i«,  bfomiDC)  and  iodine.  Tho  |jr*t,  wpocially,  liko 
otkar  sUnnons  oompounda,  aeU  m  ■  reducing  ftg«Dl.  sbsorlnDg  oiyt^ti 
flnm  tbB  aif,  and  pracipiUting  Nlvor  from  a  solution  of  tbu  uilmto. 
Thia  U  Um  oaly  stannoiu  componad  koowu  soiotig  thia  doM  of 
bodiet.  In  all  tlie  otljcrs  tbe  tin  atoms  cx«(t  their  maxiiDUm  ■too- 
fixiug  pownr,  luid  lliey  muy  be  tegarJed  oitimr  u  compounds  of  the 
ntdicab  (&i£r,)*  or  (SnJit^y,  or  else  u  formed  from  etaouic  ethide  by 
npladng  either  ouo  or  more  of  tlie  atoms  of  ethyl  by  otber  mdicab. 
Vt»  fbUoimg  are  a  few  examples :  — 


Stanno-dJethylic  Bromide, 

i&iSttySr, 

SCauuo-UicLbylio  Oxide^ 

ls»Ei.,yo 

StauiKMUethyliu  Acetate, 

(S»Ei,)-OdCAO), 

Rtauuo-iiiulhylic  Sulpliato, 

(AA-t^-Oj-SO, 

Stftnito-trii.'thyHc  Cliluridc, 

(S-^fj^j-Cl 

StAono-triot hylic  Jlylniito, 

(iwaj-O-// 

Stanoo-triethylic  Uxide, 

(SnfQfO 

Btanito-trtelhylic  Carbonate, 

(5«jr(,)/Og-co 

Tbp  BHilhyl  nii'l  amy]  compounds  aw  ffmned  after  the  aamo  analog, 
and  also  Mif.n  which  cuntain  both  methyl  and  ethyl.  TheM  coa- 
ponndx  an>  oither  liquids  or  cr^'Kiallino  solids.  Tho  chloridcJt,  bio. 
nidet,  and  iodldw  aro,  na  a  nilr,  rohtilc,  and  *paringly  soluble  in 
water.  The  oxides  and  oxygen  salts,  on  tlw  oth«r  bund,  generaUy 
dissoiro  fredy  in  mter,  and  an  more  «adly  dMomposed  by  beat. 
The  vapor  densitiea  of  tevetfti  of  these  compounds  an  given  in  Table 
III.,  and  tbi«  list  might  be  greatly  extended. 
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-&<%.  M  a  wJuto  vohUk  «A1  (Sp« 

■If.  aad  wicll  avolntiaB  ofkalt  iiiM 

flf  t^  kydnto  in  hjnittidikM  i4 

MM  of  witits  alkjr  bmUm,  «U^ 

<&/;.  is  labnrisa  •  voUtilB  vUtt  A 

Aumda  luntBi  with  k-i, 
k  «Uek  «n  MooMirphiitu  witli  Ibg^ 
ttaoHB*  ftad  tin.    TbafitOnni^B 

]*»9**>t»l  boa   tbtt  iJikuib  bj  •• 

Tie  kjdmfai  pnetiMiNUJ  anl  mM 

b,  Md  to  »  aU^  «xt«iit  «ru  n  *«« 

k*  aotatioMy  or  wuiua  witU  ki  MA 
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ft  dlnolres  only  in  coDContnted  acida.  ZircoBic  hydrate  acts  both  at 
a  huB  and  aa  acid. 

ThiTu  MO  oeveml  dioonio  eulpbalee.  Th«  nonniU  Milt  can  bo  r.Tj»- 
tani»d,  wkI  the  fermatloD  of  a  btuio  ml[ihat«,  which  ii  ]iro<:ipit«tad 
wh«ii  a  iif^itnU  ■oluUmi  of  nreonia  in  siilphurie  nciii  u  boiled  vrtth 
]Mtasaic  Htilphato,  is  ooo  of  tho  laoxt  chomctoristic  nocliona  of  lir- 
cuDiuin.  TU«  salts  of  liraoniom  have  an  asthnge&t  taat^  and  the 
fiolutioajt  redden  tiumeric  paper. 

Tlie  ))n%i|>itutvJ  b,v<tnta  is  insoJnble  in  utulic  alkaUM ;  but  wIiod 
pmcipiiAted  by  H  ttxi-J  olluUinu  carboaulo,  ur,  bi-iu^r,  by  a  bicui-bouite, 
it  dimolvca  in  an  exoeu  of  th<!  rengeot  The  aUcaliDO  ilrconatm  can 
b«  obtoiiiod  by  fiuion,  and  MT4itai  defintto  dTHtalliao  xinonatM  of  tlw 
mom  Wic  radicals  havo  bpcn  studiod. 

419.  Zljconle  Oxldo  (Ztiooata).  ZrO^,  is  obtained  by  limltng  tiM 
]iydral«.  Proitared  al  thu  lowest  possible  tomperatutv,  it  foruB  a  white, 
toateloM  ])Owdur,  aoluble  in  aeids ;  but  nbon  hcalod  to  incipient  rod- 
noM  it  gluwB  brightly,  becomes  denser  and  mudi  luinlor,  and  in  thon 
insolnbU  in  auy  aeid  exeopUn^  bydrofluorio  or  atmn^  sulphuric  ncid. 
Ziroonia  has  boen  erj'Stulliwd  artiliciAlly  in  thu  Kume  form  as  Tin  i$ton« 
and  Rulilo. 

TtiP  niinrral  Zircon  is  iisnnlly  rvignrdcd  os  a  silicate  of  nrconiuni, 
Zr*O^Si,  but  tho  symbol  may  also  b«  written  [^r,StfO^,  and  this 
view  faarmouiiK^  with  th^  fact  tlial  tho  oryHtalliiio  fiirui  i*  Almmt  idnn> 
timl  with  that  of  ZrO^,  Sh  O,,  and  TiO^.  M<in'over,  Mvornl  isomor- 
phoas  varieties  of  this  mineml  arr  knnwn  (MnWon<^,  Opjsteditp.  otc.) 
in  which  tho  proportions  of  Zr  and  Si  ait^  quite  rnriabte.  They  aia 
more  or  l«w  hydrons,  and  for  the  most  pan  comparatively  Bi>fl ;  buty 
tiko  pure  ^rO^.tbey  bootioe,  when  heated,  oxcccdiii^ly  hard,  as  well  as 
wore  deiige. 

420.  THORIUM.  7"*  =  115.7.  — Tlie  minctul  Thorite,  or  Orangn- 
!to,  is  Rwentmlly  a  liydruus  niicuto  of  tliin  Rxari-dingly  rare  metallic 
element,  which  has  uUo  boon  found,  but  only  n«  a  suboidinato  con- 
stituent, in  Kuxonitc,  Pyrochlorc,  Monosite,  Gadolinit«,  and  Orthite^ 
When  Tliorite  is  decotuposod  hy  hydrochloric  acid,  a  solution  of  thoric 
chloride,  Th  C/,.  is  oljt!unp<l,  from  which  the  cjiuhHc  ulkalfca  precijiitate 
a  hydrate  iniMduhle  in  an  exc«aB  of  tho  reagent.  A  simiUr  precipitate 
is  ohtnincd  with  the  idkalinu  otrbonittes,  but  this  rvfldily  dissolves 
when  an  excess  is  added  to  the  solution.  In  tho  same  solntion  a  prs- 
cijittate  is  obtained  with  oxalic  acid,  potosuc  eulphato,  and  potaasic 


^■noc; 


lyanido. 


QUESTIOiU  AXD   rBOBLBU& 


Um. 


As  tli«  ttbovs  KMtioDi  mdicfttot  Xlwriam  ia  oUiod  in  many  of  iu 
pm]!rTtic«  to  tlx!  aielalii  of  tbn  glucinum  ood  evriam  grMipa;  bal  la 
6tlur  nepecU  it  rMomblra  mora  tiMrlf  zircoDium,  with  whieh  it  fai  )vr<> 
anoohrtBcl.  Tha  uhytlniu  oxide  T/tO^  u  »  wlut«  gnwiloi,  vUdi 
^wa  wlien  1i«at«d,  becomes  mote  deiue,  oud  afl«r  ignition  is  tiwololila 
in  any  tciil  uxuopt  concuiitnUed  Hulpliurin,  ll  ]|m  «  high  apecific 
gravity,  luui  by  fu>iun  wibli  bonu  ba*  bo«n  ohtaiaail  in  tetaQOMl 
crystals  (Fig.  57)  roMmbling  thoto  of  'fin  Stoae.  SnO^  nail  Uatik, 
TiOy  The  auhydious  dtlonde  is  vo]atil«,  and  the  hydmUnt  ekkiii^i 
fanas  a  radiate  crj-atoUine  niaes,  like  ZrCt^  The  chloridv  tnay  bt  n- 
duced  b^  Kidium,  ftiul  tlifi  metal  may  Im  ihtu  obtninud  na  •  gny 
hiatTOlu  povdoT,  whidi  nmlily  bunw  in  tlin  air. 


QUESTIONS  AND  PROBLEMS.    (DIvirtoM  XXVIL,  XXVm.) 

Titonlam. 


1 


1.  Compare  by  mraDs  of  gniphJR  oytnbolii  the  compoulion  of 
and  Menuccuiile.    Ciui  tboy  bo  rcpiricd  m  «iitiibriy  toaatitutcd  t 

2,  Wrih:  the  raacUoo  by  nidcb  titanic  cUoriilc  ia  modo. 

a.  Aoeardlng  to  the  oxpcrimtnta  of  Isidore  Ptwre,  0.6S1S  gtunu  of 
TiCI,  j-iclib  S.4SI7S  graouiMS  of  AiftX  CekuUtc  the  >t.>niie  m^-k  of 
tiCotiiuin,  <utd  Btau  dearly  Ih*  ooiom  of  nuooiiiif  by  wliidi  the  nrall  a 
nachicd.  Aiw.  flau. 

4,  Write  tlu.'  muIiuQ  which  take*  pUcc  when  a  dOute  oqueov  mia^m 
of  TiCIt  U  buit<.Hl. 

b.  Write  ihe  nuOioiia  which  teko  place  wh«n  a  ealution  of  UioniraaB 
iion  in  hydnxliloric  ucjd  is  boiled  with  tin,  *iid  explain  the  nse  of  tlii*  w 
•cliou  OB  u  Iral  for  lllaiiiniiL 

8>  Writs  the  rcavlioD  by  wluch  TiF^  is  prrporod,  and  aUo  aImw  hov  it  ■> 
decompu««d  by  water. 

7.  Rqtmvmt  tho  eonMittilitm  of  hydro-titanic  flnoride  by  n  giapUe  ^V 
faol,  aMntnin^  that  F  i*  trivalcut. 

&  R«prcMjit  in  a  tabuUr  lonii  the  possible  titsoio  Iiydratoa. 

ft,  Do  the  hydrai«e  of  any  of  the  pneadag  elemtnta  proHat  phwMHai 
nmiUr  to  Ihoee  of  titanic  hydnto  I 

10.  Writ«  the  r«<tf  tian  fay  which  TiSf  b  prepnred,  aad  alas  the  leidf 
1>j  whicb  cryrtals  of  TiO^  may  be  obtaioed. 
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^rmvitics  and  haidneH  <^  tiie  notiva  titanio 
iilferuQues  indicate  in  regard  to  the  molecular 

■  ! 

•  lu...  eymbula  the  oanatitutian  of  the  nitridea  of 

Miotn^a  bi^tween  titamuiu  and  the  platinam  metals. 
rduled  to  icoa  t 

Tin. 

ns  of  bjdrocUloric,  nitric,  and  ralphnric  add  on 

tiau  of  fitaiuioua  chloride  oii  solution  qT  HgClf 
ii^lioahf  which  tmhydrons  &tC^  is  prepared. 
irliona  [361]  and  [36^],  and  explain  the  use  of  tin  salts  sa 

■  Mtions  by  which  anhjrdrons  StiClt  is  prepared. 

Ihe  constitution  of  lifdrgus  stannic  ddoride  bj  graphic 
\Aj  the  uime  principle  to  the  interpretatioii  of  other  similar 

117  fbauUuB  whun  a  Jiiuttj  aqaeons  solntion  of  stannic  chlorii^ 
explain  the  use  cd  this  solntion  as  a  mordant 

tha  iMctioa  which  takes  place  whan  stsnnons  hfdiate  is  boiled 
utntid  Mlntloti  <tf  potasuo  hjdrate. 

-•  a  taUe  exhibiting  the  possible  stannic  hydrates,  and  explain 
IC0  between  the  two  classes  of  these  compoonds. 

itB  the  leaetion  which  tskes  place  when  a  dilute  aqueons  solution 
/  sulphate  is  boiled. 

ite  the  reaction  which  takes  places  when  a  solution  of  sodic  stan- 
acnied  with  aumonio  chloride. 

Represent  the  eonititntion  of  metastannic  hydrate  by  gmphle  sym- 
S  explain  the  two  opinions  which  have  been  entertained  in  re^^ard 
.owing  bow  far  they  are  sustained  by  iacts. 

Prite  the  reaction  of /T^  on  a  solution  of  stannous  or  stannic  chloride. 

fTrite  the  reaction  which  takes  place  when  SnS  is  dissolved  in  yellow 
[c  sulphide,  and  that  which  follows  on  neutralizing  the  alkaline 
with  an  add.    Writa  alao  the  reactions  when  an  alkaline  hydrate  is 
iBolTent, 
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QUESTIONS  IXD  PBO&I.EU& 


[**» 


S8.  Point  oat  Uw  anologiM  and  the  <UffM«iic<»  between  iJn  uxt  tibwiiiiR. 
By  wrliat  Riiupl«  nwtloa  auty  tli«  iwu  elvnwDU  be  *e{iiu«teil  wbtn  a 
Rolulioii ) 

£9.  llow  i>  tin  retntcd  to  tfae  plitlinum  ntclaU  I 

SO.  Accotxliuc  to  ttie  cxpvnm«nl«  af  Damu,  100  part*  of  tin,  wbesot- 
tdlwd  by  iiitl'k'  udd.  yield  127.1(15  jioni  of  SnO,.  Whnt  is  the  «l«aik 
weight  ot  the  element,  awniiudit;  thit  the  oiide  luu  the  ooukllKuluti  n^v^ 
•tDt«d  by  theaymboU  Aiu.  USML 

31.  On  whut  TiKt*  do  the  ootMliubiu  in  ngaxi  b>  the  otoaituty  ol  tin  «al 
the  oonctitutiun  uf  it*  aevcnl  compoondi  rest  ? 

Bi.  Sliovr  Ihat  lh«  Atomic  votghl  of  tin,  dtdaoed  ffom  the  pei«qat«g*i 
pcmitiun  anil  vupor  dctiMtiR*  of  iu  compoinnd*  with  the  akobol 
u^rwi  ntUi  tliu  value  ([ivcti  abov«.    Show,al)>o,  that  ihwMCOBIpouadt  lUly 
illiutrali:  thu  ulomic  rvlalioiin  uf  the  elumentiL 

33.  Sutv  thu  reovuu  for  cldscaug  uTcouium  ukI  tlKiritua  with  tin  Ml 
titanium. 

M.  Point  nut  tlie  rewtnliUnrcs  betwiwn  tircotiiuin  and  filiMiB,  oait  g{i« 
the  rcwoiu  for  ckanns  Zircon  with  Tin  Stone  and  Rattle. 

3S.  The  compound*  fonnod  by  the  fluoridof,  chloride*,  hromidve,  etc  of  iht 
demont)  of  thv  liut  ibrro  ncntianB  havo  bctm  munlly  rcprcatiilod  m  doaUi 
MitA.  Mny  tliry  not,  however,  be  Rgnrdcd  a*  OAiulilutml  nJXtft  the  lyp**f 
theehlotopbitinAliii  and  cbloroidntinita  (^393  and  393  ?)  Comkks'  whedv 
there  i>  any  real  ground  for  a  di>liuction  between  the  conpoiund*  of  llc 
mme  guoenti  duo.  Coualder  oIim  in  thi*  Gonnuctiou  the  *aggi»tim  it 
1 410. 
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421.  BILICOH.  &'=:28.  — Quadriralent.  Mnat  almDilant  of  Ui« 
elfemeota  aftor  oxygen,  forming,  ai  b  estUiuUd,  aWut  one  FoUTtli  of 
Ibe  Tucky  crunt  ot  the  ^hha.  Alynjt  Couad  in  naUm  united  witli 
oxygon,  uiUtcr  <us  Quartz,  SiO^  or  iu>ooiiLt«d  with  mora  buic  railicfllii  in 
Iho  Tflri»UH  imlire  Hiltcul*;*,  :iiiny  «f  whoeo  symbola  liave  nlruody  buon 
fpvon  (f$  'im,  283).  Tliv  elNoeatary  subelui»  muy  bo  fllitainod  in 
three  t)itf<.Mi:tit  condition*, — &mori>lious,  graphltoJdiil,  an<l  cryftullin«. 

Ist.  By  dMompoeing  SiF, .  2AV  wJtli  potasnum  or  sndium.  or  by 
beating  tlio  aame  metala  in  a  current  of  thu  vnpor  of  SiCt^  silicon  ti 
obtftlned  M  a  dull-brown  pon-dcr,  wlii<:li  soils  tlio  flugMs,  and  rwdny 
dissolvM  in  hydroflaoric  acid  or  a  wsrnt  solution  of  ratutic  puUksh, 
•hbouftl)  insolubli)  in  w«t«r  and  ths  oomraoa  Midj.  Wlioit  it^itod  It 
butns  brilliantly,  bat  the  graiiu  soon  bocome  c{itil<>d  witli  a  VAmiah 
of  melted  silicon,  which  iirotceu  thorn  from  tho  further  action  of  tlie 
air. 

2d,  Tho  brown  powder  just  dwcrihed,  when  intniisely  heated  in  a 
duMid  crucible  b(votnfs  very  ranch  denser  and  darker  in  color,  and 
attrrwonlit  is  insoluble  in  hydrofluoric  add,  and  doea  not  bum  even  in 
the  oxybyitrogen  Suae.  It  does  diasolvet  hoirenr,  In  a  mixture  of 
hydrofluoric  and  nitric  odda,  or  to  fused  potoMio  carbonato,  and  it 
defla|ijat«a  if  intensely  heotdd  with  nilm 

3'1.  At  tho  bigliMt  toRiporotum  of  n  winil-furn.-tce  silicon  molts,  and 
may  be  ewrt  into  bara  wliich  have  a  orrstRllitio  sirucliiro,  a  Btibmetallic 
lostrn,  and  a  dark  rteel-f.-iay  color.  Moroovw,  by  peducing  ailieoo  in 
contact  with  mnltcd  nliimintim  or  dnc,  the  nioIt«u  metal  disaalvvs  the 
silicon,  and  aflcrwnnl*,  on  cooling,  depoaits  it  in  dtrrmite  m'stals. 
Utese  crystals  have  a  rvddish  luttro  and  tho  form  of  diamond,  which 
they  almost  rival  in  lla^i^I■w^, 

422.  Silicic  Anhydride  or  Silica.  SiOp  —  By  far  the  most 
abundant  of  all  mineral  aubetances.  The  mineralogists  diatiDgulah 
two  princiful  modificationit,  Quortx  and  0]»1.  Quartz  cryatdlli»!a  in 
the  hcxngonnl  systciin  (Fig*.  81  to  87),  bus  a  Sp.Gr.  of  2.5  to  2.8,  in  it 
bard  that  it  cannot  bo  out  with  a  lilc,  and  even  in  powder  is  bat 
aU(;btly  act«d  on  by  ho4  solutions  of  caustic  alkalies.  Opal  Is  amo^ 
ptioua  or  coUoidiU,  has  a  ^.  Or.  of  1.9  to  2.3,  ia  oaaily  abraded  with  a 
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Ble,  &nd  dUsolT«B  in  aUntGoe  solutiona  Each  of  tbeM  nlBBial  ipoi 
vxliiliits  uuuieroua  vkrietlea,  dctereniued  bj  tUfltircncc*  uf  (tniilvi* 
tidtnixtiirM  of  <lilTi'n.'nt  bodi«H.  Antong  thOM  of  QtmrU  may  b» 
tioiietl  Common  Quarti,  Milkjr  Quurtz,  Smnkf  Qoartz,  AOKtbiK 
Chalcedonj.  Coniolian,  A^>t«,  Onyx,  Flint,  tlomiitotw,  Ja^ptr.  Bui 
atone,  and  Sand.  Among  tbom  of  Opal  we  have  Prvcioua  OpJ,  iW 
noa  Opal,  Jatpei  Opal,  Wood  Upal,  Csiliceoos  Siut«r,  Float  Stoat, 
TVipoU.    Thuau  two  uooditiona  of  iSiO„  however,  ore  suinctinM  M. 


iillcmnting  on  the  »u»«  Hpecimea,  aud  tim  eluJcedaoic 
(jnnrtf  have  froqnontly  th«  ^tpoannceor  Opal,  thrcmgb  wbtfiti  MUnAf 
probably  pnsrad  in  th«  prooMS  of  fonoatioo.  The  Opola  an  ma* 
ieee  kf  drous,  bat  the  vratw  pnsent  ia  usooUy  raguiUtI  *■  mtamnsai. 

Butb  in  it«  cTTataUine  and  in  its  anorpboiui  coa>lition  silica  ■  iv 
acduble  in  watvc,  and  ui  all  aei<i»  excelling  liydrufluorio  aci-l,  vhiiB 
iU  n]>]>TU]nJute  Aolvont.  Tltu  bvat  of  iba  oxyhj'drogea  fla^  a » 
<]uind  for  iU  fiision,  but  at  thi*  iMBpantum  it  tsclto  lu  n 
glius,  and  may  be  drawn  out  into  fiiw  flexible  elastie  rhraadi.  t)»  M 
silica  aifmting  Ui«  amorpboua  condition.  When  aUdod  id  ppwteB 
mett^  Bodic  or  potaaaic  carbonate  it  Ctusca  violont  efftfvwMW^ 
if  Itio  eilica  iH  pure  the  piodiut  it  a  oolorieaa  glas^,  Uulw  llic  mt 
ia  in  gruut  oxeean,  the  nlknlin*  aiUcalM  thaa  obteiiu^  am  kjUUim 
wfftur,  anil  ant  generally  known  iM  miM€  or  uttUr  giaat.  Tb*j  pit 
nlkalinn  wiutiona,  which  aro  very  mach  awd  In  tho  arts,  —  L  ill 
cxmont  for  hardening  and  prMerving  etone ;  3.  Id  preparing  nSil* 
freeco-painling ;  3,  For  tniicing  with  aoap;  >Ad  ^,  la  pR![«nuti* 
danted  ealico  for  dyeinf^  The  aaoM  ioluliona  can  Iw  aim  mtk  ^ 
dijfuAing  iiata  in  strong  aolittiou  of  thu  caostia  ^JVilJT*  u  a  U^ 
temiH^TDtuK  iinitur  prtHuie^ 

433.  SUlolo  Hydratea.  —  If  to  a  eolation  of  an  slkalioa  ulvdiii 
wat«ir  hydrochloric  nci<l  be  added  gradually,  a  goUtino^  |inii|iil*i 
silicic  bydml«  is  formed,  which,  in  its  initial  coQiltiiiiu,  prolaUf  !* 
tlia  composition  ffo^iSi ;  but  in  drying  it  paaaee  Lhroogh  M«y  <t^ 
of  hydration,  and  ttwi  t-arioun  faydmtea  which  have  hoan^lHaiW^ 
thU  and  in  other  ways  may  bo  rvpreaented  by  tlu  gamnl  flnnah 
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Tbioj  ore  all,  however,  veiy  uii«tnh]o  Iwdioii,  aomo  1odD(  wiM  rtip 
tempontiinv,  niul  other*  very  hygraaeopic,  so  that  it  ii  iiftadt 
obtain  d«Gn]t«  oonipoundi* 
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I^  instead  of  mnting  tbo  oxp*riii»Dt  m  just  directed,  «  dilate  aolit- 
ttoo  of  Ml  alkalitie  silicate  be  pouied  into  a  aonsideraUe  exoow  of 
li]ftUocblori«  ftcid,  no  procii>itAt«  ia  fometL  Tbe  wholo  of  the  liydmte 
twDuiw  in  Bolutiun  tnixod  with  tbe  elkaiine  cUoiiduit  and  froo  hjrdrc^ 
ehbiic  uid.  TIkmu  onHtdloid  auhtUiMa^  liuwuvcf,  can  icedily  be 
wpantfld  hy  dielyiW  frota  the  coUoid  hy dnta,  nnd  n  pure  eolulioa  ot 
silicic  bydnte  mity  bo  tbus  obtained,  cootaiiiiRg  u  touch  aa  Bve  per 
«nt  of  StOf.  Motwver,  by  boiling  in  a  flasli,  the  solution  inity  tie 
MBoeDtnted,  oiitil  the  qunutity  of  silica  Noehes  fourteen  p«r  oeaL 
This  eolutiuD  is  liiupid,  uoJorlMi*,  tA^Meas^  and  Ina  a  feebly  ooid  leao- 
tioa,  wliioli  a  veiy  Mudl  quantity  of  IC-Ho  is  eufficient  to  neutraliie.    ■ 

Ertdently,  Uten,  silicie  hydtnto  bns  both  n  Mlublo  and  an  inmtuble 
moditotton,  but  tbe  last  is  by  for  tlm  most  eUble  conditiou.  Tlie 
MDoentcatod  solution,  formed  as  above,  in  a  fuw  tlays  oompletvly 
gslatinixM.  AIoKovet,  even  in  a  cIoamI  veetel  Uii«  jolly  gradually 
shrinks,  spontaneously  equoecing  out  Uie  gneter  {xirt  of  ibc  water, 
nrnil  at  last  it  becomes  a  herd  ninss,  neoiDbling  OpaL  Wh^i,  however, 
tbe  aolulion  ia  qnrta  dilate^  it  cMi  be  kept  indefinitely  wiibwit  fiokti* 
niring,  and  moet  spring  and  river  waters  hold  an  apptucialilu  amount 
of  silicie  liydmte  thus  ^liseolved.  Thu  power  of  dissolving  nlica,  wliii?h 
natttial  wat«t8  possess,  is  greatly  e(i)iatice<l  by  the  ptesoucc  of  alkaline 
carbonates ;  and  when  tbe  action  of  the  alkaline  liijuid  is  aided  by  a 
high  trmpemture,  as  in  tlic  case  of  hot  springs^  bigo  qiutolitiea  of 
■iliea  are  frequently  disrolved,  and  each  eolulioos  have  und'iubt«lly 
■oeerted  an  important  agency  in  tbe  geological  hiatoty  of  ibe  earth. 
'Whenever  a  solntion  of  filiric  hydrate  is  evaporated  to  drynea,  tb« 
wbcila  of  the  silica  is  reitdored  insoluble^  and  cannot  altenratds  b< 
dissolretl  cither  in  watt-r  or  common  adds. 

4S4.  SllloateK  — AltliouKh  it  fs  inpoeslUe  to  isi^ate  the  numln-^ 
leee  intcmie<)iate  silicic  hyitratcn  comprehamied  in  (363],  yet  wo  find 
in  nalur?  numeroiis  min«raJ  silicntiu  funocit  ofkr  tlie  same  typoa,  and 
vliiob  may  be  nganleil  as  <Leriva(]  from  the  hydrates  by  repladng  the 
hydrogen  atoms  with  rarious  basic  radicals.  Those  silicates,  like  silica 
itself,  affect  both  tbe  erystalline  and  the  colloidal  condition. 

The  crystalliue  eiliuites  ate  rupr«8«tit«d  fay  nUEoenyus  wcll-deGncd 
mtneraJ  ^leciu,  aui)  by  the  rocks  wliich  am  sim{>ly  i^tgrogates  of  such 
minerals.  They  have  bc«n  formed  in  nuuiy  ways;  for  example, — 
1.  By  dcpoution  from  Rohition  ;  2.  By  the  action  of  heated  water  or 
vapor  on  igneous  and  scdimonlary  rocks;  3.  By  the  slow  cooling  of 
molten  siliceous  materiaL 
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The  coUoidtl  sUicatM  ««  npteeented  by  the  Obdilkuv  ^  I^ 
■tonMi  niul  othtt  volcaoic  tocIu,  whicb  htm  pivbaUy  •Itnji  ka 
fbcnod  t^  tfa«  aad(l«D  eooliog  of  molted  l*vu.  To  the  IM  ria 
belong  ftlM  (be  vsrimu  utificUl  HtUcatm  w«  call  Glass,  ttoA  tb  Elf 
obtaiited  in  nanjr  metalluii^cal  ptocoooo.  Thoa  Citiwn  tStm  i»»^ 
eate  of  aodium  or  potaauim  vith  caldum  ;  Flint  Gtua,  a  tiSmti4 
•itbcr  of  tlMoe  alkalina  ndlcab  with  lowl ;  and  th«  Sl^  an  iBida 
of  calcium,  loagniMDin,  aluminutn,  and  mjm,  to  varioiu  niiiiliiiiaai 
Since  ntaay  oC  ^  l>**ic  lijtlnlw  ukI  aahydridea  may  be  in'-': 
Bilica  in  alinoet  evec7  pK^ition,  vo  do  not  lind  in  tlw  cul. 
caUs  ibe  saina  dafinita  ocntpMition  as  in  the  ciTiitaliine  niomK  M 
tboy  an  probably  in  all  cases  mixtarea  of  definite  ooniftftuuda 

Mo»(  of  the  ailicates  at«  fuiiibl<»,  and  tlteir  fu&itiiiily  is  iiim^  )f 
mixttm  with  4«rh  otiier.  Aa  a  nilis,  those  wiiieli  cnotatn  tiw  ■• 
fusible  oxides  idcU  th«  moet  readily,  and  th«  iuni>e  nndily  in  fi^ 
tioa  as  tbe  base  is  in  exeeaa.  Only  tba  allcalino  *i]i^^n  abanv 
tiTwi  to  ai«  aolubia  in  water.  Hoet  of  tha  hydtona  nlfaat^  ■! 
inniiy  which  an  anhydtoos,  bat  ooutain  an  ezoeoa  of  Imni,  an  ite* 
poeod  by  acids ;  *  but  the  anbydnnu,  tioraial,  or  «cid  ailicstoi  at.* 
a  Idle,  nnaffwtad  by  any  add  axcapt  liydlofliiOTit^  ahbon^  t^* 
be  mide««d  aolaUo  by  fusion  with  an  alkaline  aarboo*t«.  Wbtt  B> 
fiued  mass  is  treated  with  ffCi  +  Aq,  pvaponUod  to  drymM^  and  ^ 
digeated  with  Uie  aame  acdd,  Ibe  nlioa  remains  oa  a  gntty  b^dk 
powdur,  luul  can  at  onee  be  teeognixed.  The  panMnea  of  aiiaiii 
mioeni  can  gcncndly  a1«o  b»  ditooTcrod  by  ftudng  a  amall  Iimb^ 
befbre  tbe  blowpipo  with  mtcroeoamic  aalt.  This  i^mtaa^am  ^ 
minuiol,  but  does  not  diasolre  tba  nlics,  which  ta  left  floatiag  ■  fe 
daarboai). 

425.  Cooatltntlon  of  Ratlve  StUcataa. —  Tho  aymbtik  utav* 
of  tbe  Dative  silicates  bare  already  bMO  given,  and  tboaa  of  ottei  ri 
be  diaoovcRd  by  Bolviog  tbe  problems  which  follow  this  lijrws 
UoTeorer,  the  pnnciplea  on  which  theae  sytubola  are  wntln  bo 
been  fully  developed.    Th«ra  ia  slill,  howcror,  an  onoeitahity  ia  i^ 

•  SotnbU  componnd*  of  Uia  ImIs  nJitali  aro  thiu  famed,  HiiV  6«rib 
*cpftnt«^  nthtr  n  ■  geUttnouB  b;<list>,  or  m  •  loom,  ■nlivdnitis  iiipja  ^^ 
tinies,  boirevrr,  tbe  lilic*  alKi  diuoIrM,  and  gmcraUy  ilia  tkbeau'toalM' 
aitffit.  In  •vn7  nun  ibn  mIIoi  bccomet  ■nbydmu  and  ««Bi;klrfr  taUkf 
the  nlu lion  iseT*|«n>tid  todiyantattha  boDiag  point  or  waiar  nlfbn^ 
heated  a  (nr  dcgnea  bibber. 
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to  tho  eotutitutioB  ot  name  of  Uibm  minerab,  and  it  u  not  AliniyB 
pcNwitilo  to  deduce  from  tlie  rwults  of  anaJysU  a  pfotittble  mtiouol 
fonauU,  KVL'ii  wlien  thaw  iwulU  ■»  known  u  be  eeuwnliAlly  Micurate. 
Xhis  nncprtamty  orisos  Irom  Mrerai  ckium  :  —  1 .  W«  luru  no  mm  criM- 
rioo  of  tlie  parity  of  tlia  minora),  sitico  we  aro  not  nblc,  a»  in  tli«  case 
of  artificial  pnxltwl^  to  QliniiDBt«  admixtures  by  tepeatod  eryguUior 
tioiu.  2.  Tho  mcvthods  commonly  used  Ui  detertuiiw  the  molecular 
woiglit  of  comjiouiidd  ({  93)  tutitdy  Cul  in  the  cbm  of  tbeae  ailicat<9, 
and  this  iinpoTtnnt  nlomont  for  fixin;{  tlio  lyuibol  i«  tkcrafore  wanting* 
({  24).  Morcof-or,  vhm  tlie  raolei-ulo  in  condAHud,  {Uiat  ii,  oontaioa 
aerenl  atome  of  silicoD,)  unavoidablo  inaccumcios  in  tho  proceaeaB  may 
vitiate  coDcludoDs  basod  on  anolyna  alone.  3,  The  oonatont  re|)lac»> 
mmtt  of  000  ndfoal  by  another  ($  3C5)  renders  tin  conpasition  of 
most  nilicnti'Jt  vtxy  complux,  aud  we  are  fK>quently  at  a  loaa  to  deta^ 
BUiW  the  part  which  a  pvcn  radical  may  pLiy  in  tho  oonipouiid.  Tbil 
Ib  wpecially  true  of  hydrogen,  for  wo  have  uo  CLVtaiii  uKaot  uf  ducid* 
ing  whether  the  atoms  of  this  elem«nt  in  a  hydmua  ailicato  are  a  piut 
of  the  moleuule  ilaeU^  ot  only  connected  with  it  io  the  vatei  of  078- 
taUizttioD. 

426.  Bymbotfl  of  Native  Sllioateo.  —  Tlte  comjxisitioQ  of  moat 
native  silictiUM  may  l>»  eo  varied  by  rvjiluoemunU,  wittiutit  any  eeaen- 
tial  change  in  external  qnalitice,  that  such  a  miooral  upodis*  cannot  bo 
distingnished  as  a  compound  of  definito  tadicalI^  but  merely  aa  coo- 
fimning  to  a  certain  general  formula,  and  the  only  specific  character  ia 
the  ratio  between  the  total  quimtival«Doe  of  the  aevcral  composite 
radicals  of  which  the  niinurat  may  be  aup]XMt»l  to  consist.  This 
ratio  ve  call  tho  <U»mu  ralio.  Thus  tho  coraposition  of  common  Gar- 
not  may  in  {jcnenl  bo  ivprosontod  by  tho  formula 

n     Ti  IT 

n  TI 

but  R  may  ho  cithpr  Ca,  Mj,  Ft,  Mn,  or  O,  and  [fl,]  eithc*  [Al^ 

[^''Ji  "f  [^'''zjr  andGanietB  have  been  analymd  in  which  tlino  several 

radicals  an?  mixed  together  in  ovcry  conceivable  way  consistent  with 

(he  general  formula  to  which  they  all  conform.     Tku/'rrmnta.  hotenxr, 

it  merely  the  rxpratuM  0/  a  tUJtnitt  ntio  Ittwtm  lie  f  uand'm/oKe  or 


•  W«  h>r*  rrason  to  tiopa  tliit  ■  mora  aoearst*  knovleilse  of  tlie  laws  wUeh 
(COTrm  the  toolMular  volume  of  oo(n|Mandj  in  the  iidiil  condiUoa  may  heiiaftar 
s«pi>ly  lliu  defkinKy. 

.    St 
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tttomieitia  »/ At  tntml  dtuttt  of  mdUait  taimi  qm  a  iAoU,md»ti 
Itut  aiialytU  (Aw  ratio  it  itttlf  tiu  tp^JU  cAoraciBr.     Heww  tin  t 
irapattance  of  lli«  atomic  ratio  in  miiwnlogjr,  aad  it  ia  eriikit  kw 
caiily  il  «ui  ba  calenlated  wk«D  tbo  qrmbol  of  Iha  "■■"■■■<  k  gim i 
tho  other  hiuul,  rrom  tlie  ratio  we  caa  u  easOf  oanatraet  tiat  ^ 
IbnouU  of  tli<i  mineraL     Thus  in  the  oaas  of  Oontot  tLa  ntio  hisi 
the  djuJ,  b«xikd,  oimI  Mittd  ndialc  b  3x  11 : 1  X  VI:3xlV 
fi  :  6  :  12,  OF  1  : 1  : 2,  vhidi  b  nideatly  •xprossed  in  iu  uqA« 
tenos  by  the  symbol  «boT«. 

In  wotka  on  uiueislogy  tbe  atomic  tatio  ia  ^rai  for  web  of  tta  » 
live  silicatoi^  and  in  any  otae  this  ratio  b  cwtaj  dsdnced  fea  fa 
nmlta  of  analyais  by  aimjJy  fixt«nding  thu  mntfaod  for  dnding  tka  i^ 
bol  of  a  body  vhon  moWular  wi^i^lit  ia  unknown  (pa^  C2).  Hni| 
obtained  th«  seven]  qootionte  which  ropruMmt  the  relalive  nnaleri 
atoms  on  tbe  Bappoeition  that  the  moleciUar  weoi^bt  ia  lOD,  <nHI 
unltiply  each  of  these  quotienta  by  tbe  ijuaiitti'BlBiice  of  Uia  asfaM* 
mdicala.  L^tly,  we  ftdd  togetheir  th«e  pLnxlncta  for  oKb  ehairf* 
placing  ndicnK  and  oompara  tlw  aeTeul  buhm  tboe  oblmad.  ft 
example  an  actual  analyua  of  tbe  Bohcmiaa  Gamot  {Pyrope)  pnil 
fbUowtBg  nanlta : — 

*1.M 

».)4 
ft» 

IMO 

5.» 
4.17 


Si 

19.30 

or 

&0, 

Ny 

11.43 

II 

J/.0, 

Ft 

7.73 

« 

FeO 

ifit 

2.01 

<i 

JfnO 

M9 

9.00 

n 

MgO 

<b 

3.77 

« 

CaO 

Of 

3.19 

H 

OrO 

0 

43.77  , 

100.69 


loafis 


Dividing  now  each  pcT  cent  by  the  atomic  weight  of  tba  tadiaL^ 
mnltiplying  by  ita  qnaDtivaleiKeh  we  oljtain  tbe  foUowinf 


S      (19.30  -s-  28   )  X  4  =  2.76 

STR 

[.i/J  (11.93  -^  5t.8)  X  6  =  1.31 

1.31 

Ft     (  7.7.3  ^58   )  X  2  =  0.27 

~~^^ 

iTn    (2.01  +  65   )  X  2  =  0.07 

Mg    (  9.00  +  24   )  X  2  =  0.76 

Oa     (  3.77  +  40    )  X  2  =a  0.19 

Or     (  3.19  +  52.2)  X  2  "  0.13 

1.40 
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rbence  ira  deduce  the  ratio, 

1.40  : 1.31  :  2.76,       or        1:1:2  nearly. 

Itis  mtio,  ulthong)!  uot  exact,  ia  m  new  the  theory  a«  we  can  expect, 
ndering  the  matenol  and  methods  luud,  knd  in  cm  nmr  as  we 

lly  obtain. 

Then  is  aa  uncerUioty  in  the  resultii  of  all  calculations  of  tliu  kind, 

rbicU  aruos  firom  the  fact  that  wo  huvo  no  sara  guide  in  eelecting  the 

Itooii  to  bo  groupod  together.     Althoogfa  it  i»  true  in  general  that 

epbcemf^ntg  an  limited  to  radicaU  of  tbe  same  atomicity,  yM  iiio«t 

ninenlogista  admit  Uut  radicals  of  the  fonn  [S^  may  mphm  3  i^, 

.  some  go  so  iar  as  to  reckon  a  part  of  the  Si  among  tlte  Ixuic  i»d> 

Hence  out  leeulU  «ra  to  s  eertaui  extant  arbitrary,  and  in  many 

i  giv«  DO  aatiidiKtoiy  information  a*  to  the  con«Ulation  of  the  min- 

I  oiuJyMd ;  but  by  deducing  tbe  atomic  ratio  aecarding  to  the  rule 

,  given,  w*  in  alt  instance*  ndnce  Uw  leaalte.  as  it  vera,  to  Dm 

pleat  teraiB,  and  bring  tbuD  into  a  Ibna  in  which  they  ean  be  meat 

iTcnieutly  comporad  with  each  other. 

U  is  usual  in  works  on  mineralogy  (o  prownt  tlM  remits  of  analysis 

the  old  daaliatic  plan,  as  if  the  mineral  won  formed  by  the  union 

r  various  basic  anhydrides  with  silicon.   Starting  with  such  data,  how- 

Rver,  it  is  not  neceMuy  to  calculate  tbe  per  cent  of  eavb  radteal  in  the 

anmed  anhydrides  befoie  ap|i)ying  llio  aboro  mle,  because  by  divid- 

;  tbe  per  cent  of  each  aubydrid*  by  its  moUoiilar  weight  we  shall  olv 

ausly  obtain  the  samo  quotients  as  before.  For  example,  in  the  analyrit 

r  Garnet  cited  above,  where  tbe  data  are  given  in  both  forma,  we  have 

JSi:STo,=  19.30:41.^,     or      19.30 -H  28=  41.35 -t- 60} 

i  (0  for  each  of  th«  other  ralucs. 
In  the  symbols  of  tJie  silicatos  ns  fonncrly  written,  on  tbe  duatistio 
tbe  atoms  of  oxygen  were  oecestarily  apportioned  among  tho 
Dt  radicals  in  proportion  to  tlteir  qnantiralcnco.  although  this 
ndami^ntal  distinction  Ix^wenn  tbum  was  itself  overlooked.     Thus, 
I  general  symbol  of  Garoot  would  be  writtiin,  duaUstioaUy, 

3SO,R,0^iSiO, 

nd  it  is  evident  that  tho  innnb«r  of  oxfgrn  atoms  Is  in  each  ease  a 
peosure  of  the  rdatirt  alomieitiM  of  the  radkah  with  whidi  tliey  an 
rcintvi).  Hence  the  afom^r  ratu>  might  also  be  found  by  comparing 
tbor  the  qnaiilitiea  of  oxygen  wliich  the  eeveroJ  assumed  oxidee 
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oontain,  and  thU  is  &»t  auauit  in  which  tbe  olcuUtion  m*  fondf 
Bude.  UenM,  abo,  the  atomic  ratio  has  be«tt  caHoi]  Urn  otygn  mik 
and  was  long  umnI  in  miuenkigj  tH:f[m  it«  tnxa  meaaiiif  «u  tate- 
•tood.  But  althuu^li  Um  old  mntboil  giro  the  hu»«  ravults  u  fta  m^ 
it  E>  not  in  hamonf  wttli  oar  mixlcni  thcorios,  bD(1  is  pnctiddlf  W 
■iinpla.  Hotmxver,  the  priiKiptc  is  far  mora  general  Una  tht  Ul 
method  woaM  iiii]>ly>  and  ma)r  bo  used  with  all  doaMw  of  eospooA 
a«  well  as  with  Uioee  in  vhicb  the  radicals  ue  cernented  togetbsi; 
ozj-g«tt.  Furtbennore,  it  is  soinetiraea  useftil  to  compaM  t&s  ifani 
ratios  of  t)i«  ouiaptcx  twlicals  which  maj  b«  lumined  to  exM  in  iSb- 
ent  miiwnilii,  and  intoKcting  relation*  vmy  frrqaenlly  ba  diacorstdB 
thin  way  whiih  the  old  method  wotild  entirely  oTcriook. 

427.  BUlclo  Sniphldv,  &^— When  the  rmfotoi  CS^o^mA 
over  a  mixture  of  silica  and  carbon  intensely  i^jtrd,  thia  rumpooBla 
depoeilwl  ill  tlie  culd«r  part  of  the  tube  In  "loDg,  white,  vUkj,  floiik 
adhMtifoRn  necdW  It  can  be  vt^Uiicd  jn  »  cttrrcnt  of  dn  v, 
hut  in  contact  with  moict  air,  or  when  heated  in  aqavona  va[ior,  il  r»- 
idly  dccompOBes,  the  prodacta  being  QD^  and  Mnorphuiu  nlna,  tk 
latter  of  which  letaina  the  fonn  of  tbe  sulphide.  Il  nndeisov  a  ^ 
lar  decomposition  in  contact  with  liqnid  water,  but  the  nllca  fnW 
diasolves  completely,  and  tbo  solution,  when  ouncentiatal,  yidiklb 
same  singiihr  vitrooua  hydrate,  wmnhling  Opal,  described  aboro. 

428.  Billolo  nnortde,  SiF^  b  *  eoloileaa  gna  (Sp.  r,t.  =  4S)sU 
can  only  be  reduced  to  tbe  liquid  state  by  great  prvemie  and  coU.  B 
Is  easily  pnpand  by  the  roDction 

iSiOt  +  2  CaFt  +  2  ff^O^  s  2  {<hSO, .  JT^O)  +  SOP,    [»^ 

When  brought  in  contact  with  the  air,  it  is  at  once  iMeomo»e\ 
aqueous  vapor,  and  fonns  dcn»e  fiusM.     Passed   into  wat«T,  it  w  "- 
aorbed  in  larxe  quantitica,  and  the  products  ore  ailidc  hydnt«Ai 
hydro-silicic  fliioridoi 

(3  SiF,  +  4  ff,0  +  Aq)  =  H.tO.'Si  +  2  (2  H^.  SiF^  +  ^,>.   (Jtf 

The  same  solution  can  also  be  obtained  by  dissolTtog  »i]i»  in  br^ 
fluoric  BciJ.  It  furius,  when  saturated,  a  very  aour,  famiitg  b^ 
which  eva{>onites  at  40°  In  a  platinum  vessel  without  loarintf  aaj  W 
idue.     Ilonce  a  rory  simple  way  of  testing  the  purity  o(  silica. 

The  solution  of  hydro-silicic  Buondo  acts  as  u  atmna  aiod.  Itfr 
aolves  iron  or  nnc  with  the  evolution  of  hydrogen,  utd  ilsiKif 
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many  m^tAllio  oxides,  hjrdratea,  anil  cArbonatea,  fonnin^  <tefinit«  miUa. 
It  !k  tlu-n<r<ir<i  fmjiic.iilJjr  cuUml  ulii»-flu[>ric  aciil  {/fj*Sif\),Aad  iU  nits 
ftre  nampj)  Mliro-fluoridm.  Tho  poUcnuni  ult,  KfSiF,,  and  the  barium 
salt,  RfSif'^  an>  bolh  sparingly  aolable  in  water,  and  maj-  thcKfore 
be  readily  obtained  by  pT«cipitali<»L  Horeover,  utic«  tbu  corm^ioiid- 
U\^  Bo-Muiu  aiid  rirotitiuni  suite  am  much  mure  colublcv  thin  naigcnt 
may  bo  ii*r';l  to  ilislifi||;uui)i  putamiuQi  fruni  .-Hidiun),  Xral  man  rape- 
ciiilly  I^Kiriuni  from  stmiitium.  Several  of  tbo  lilico-fluoridM  may  be 
t«adily  t:iy«UlliiiNl. 


Amnionic  Siliro-fluoriilo, 
Cupric  Silico-fluorido, 
MaDgaDoua  Silico-fluorid<s 


(N/I,\-SiF,.xff,0 
Mn-SiFfTJifi 


429.  auiolo  Ctaorida.  SiCl„  ia  foraed  by  paming  a  current  of 
cbtiTiiM  g>a  tbruugli  ail  iiilituate  mixture  of  silica  and  ttrbou  hunted 
inktMuly  in  a  [KifvcUtin  tubv. 

SiO,  +  C,  +  2  <9KS1  mim>  +  Sim,.  [S$6) 

is  ft  colorless,  volatile  liquid  {Sp.  Or.  1.53^  boiling  at  00°,  and  b 
compoMd  by  water  iolo  liydrochlimc  auid  and  ulidc  liydrato.  S)|. 
[.  of  vapor  3.94.     It  w  alw  slowly  tlocoinpovcd  by  ff^S. 

SiCtt+i/iS=  SiCl„U*  +  liCL  [3ft7] 

.  Daw  prrxliKt  !■  «  colorless  liquid,  boiling  at  9C',  and  yielding  a 
sporwhow  fip.  1&I.  =  9.78. 

'When  the  vapor  of  SiCi,  is  pasaed  through  a  whit«-hot  poneiain 
tube,  ii  luidergoes  a  partial  oxidation,  and  is  in  port  converted  into  an 
Kydiluiid^ 

2a'a.+  0  =  5i,0C^  +  ®l^,  [MS] 

bo  osTgcD  required  oomiiiK  bom  the  glaxiug  of  the  tabcL    This  com* 
ound  ii  also  a  cotoTlnu  fimiing  liquid,  cassmbUzig  tbs  chlorido.     It 
Qila  at  138'.  and  hns  Sp.  ©t.  =  10.05. 
130.  BlUolo  Biomldo,  SiBr^,  may  be  fonuod  in  a  similar  way,  sad 
'cloKfly  n-ivmMi.':!  the  cblunde,  bot  b  leas  vi>latil<v  IwiliiiK  at  XHy,  and 
crydtilliiina  nt  from  IS"  to  lA".     SfL  Ot.  of  vapor  12.05.    Tbo  com- 

found  &'C1,.f.  G)>.  (&r.  :=  7.25,  is  also  known. 
431.   BlUolo  lodtda,  Si/,,  u  a  colorles«  CTy^talline  solid,  melting  at 
20^.3,  aod  bulling  at  about  390^.     Qp.  @t.  of  vapor  19.12.    It 
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iqDrtiOfM'^'Mlliihff  Bttahedtou,  ud  il  abtAlud  bj  puting  uxUm 
Ti^r  in  «  •mm  ef  CO,  over  ig»it«d  lilicoD. 

4  as.  auicto  Bydild*.  ATT..  —  Uiw  of  tlu  uUdo  etlun  <|  43^ 
irbon  heatnd  with  ■odium,  fumiatus  Uiifl  romaikBble  oompotuid  is  k 
pure  ooQdition. 

Ijodium  induces  the  chemical  change  bj  Its  niien  prauno«i.    The 
'^MUpoRitJou  of  eilido  hydride  has  been  determined  by  Um  fbUowing 
mction :  — 

am,  +  (i K-O-H  +  H^O  +  Aq)  =  (K,'0,'SiO  +  Aq)  +  4  DC-HL  [370] 

Il  is  a  oolorleas  (^  which  ioflamea  a(  a  Tefy  low  tempomtui*  (tiudor 
■ome  Douditiotis  ^Dtaiieoxuly),  aud  yields  wlien  hurtit  ctJicic  anhy- 
dride and  wutit. 

433.  Blliclo  Hydroohlorida,  SilfCt,,  it  a  colorleaa  tnflemniiM* 
liquid,  obtained  hy  ]iiiMtii^'  //CI  over  ignibNl  nlicoa.  It  ha*  0||,  Ot 
=  4.64,  and  may  be  n<gnr<lo>l  as  titfl  chlorida  of  the  ndlcal  (SiU  )>t^, 
corresponding  to  chloroform,  {CliyCl^t  among  the  oompouDda  of  aMt 
1)011.  Tbu  conwpoDding  biOBiins  aiid  fodino  oompoiuds  an  ilio 
knovn.  When  mixed  with  water  these  substanoes  at«  doconnpaaai 
and  a  voluminous  white  powder  is  foriued,  wliich  has  baen  caQsl 
Loukou. 

2SiHa,  +  3Il^O  =  (SiOff)t-0  +  6ffCL  [371] 

Lealcon  diiuolves  in  the  alkaline  hydrate*  or  caibonatn,  yialding  aa 
alkaline  silicat*  and  «vuhiiiti  hydm^uii.  It  also  dooonpoaes  wam 
and  acta  in  general  aa  n  roduring  ag<:nt. 

434.  SUioic  Etblda.  Si{Cjff,),,  nml  BUlclo  Methlde.  A'(CJ7,),, 
sri!  tvo  CDlorlfst  volutile  li'iuids,  pwpai«d  by  heating  £■'(?/,  with  ibc 
ethide  nml  liiio  mt-tliide  in  aealed  tubes.  Tlu-j  boil  Kspnctinly  at 
SO''  and  153°,  and  their  vapon  have  a  Sfb  <Sr.  of  S.Od  mhI  6.13. 
AI«o  another  eompoond  has  bcon  <)«aenbed  wIkmw  symbol  losy  b* 
written  O.W^C',//,),. 

43A.  BlUoatM  of  Um  Orsanto  Radloala,  or  SlUcic  Btbara.  — A 
large  number  of  thaw  compounds  have  bc«n  prepared,  vuuiainiag  thi 
MdieaU  meitbyl,  ethyl,  and  arayl, eiUm singly  or  ssaecialed  la  difftimri 
combinntioniL  Tliey  am  all  ukuleas  volatile  Uigiiida,  highly  combos 
lihle,  and  having  for  tine  moat  part  an  atharcal  odor.  Wo  give  in  tha 
lolluwiug  table  the  eymboU,  the  boiling  poiote,  and  the  vapur  duMBtks 
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1  of  tfao  most  iatetealing  stbeia,  uid  of  the  chlorhydrines  {$  280) 
tbilved  bom  thein. 


N 

Sp.   Or. 
or  liquid. 

Tiput  Itoullf . 

i 

ttoUlQC   PolDt. 

(lilt. 

Cal*. 

■(rfl3.io.i5.- 

1.0(59 

121"  - 122* 

6.38 

5.26 

((7//,V0,-&-CT 

1.195 

iir.6-ii5" 

6.68 

5.V2 

1.259 

S8*  -  103' 
83" -M° 

6.66 
Sftfi 

6.07 
5.73 
8.93 

I.1U 

201='-202*.5 

9.1» 

{C./fX'OtiSi 

0.968 

I65»-Ifl6* 

7.32 

7.27 

{C^/^)^O^Si-ff 

134" 

5.68 

{C,H,\fO!Si-Cl 

!.o^8 

157* 

7.05 

6.81 

(C,ff,)/<\-Si-Clt 

Mil) 

1 37' 

6.7G 

6.54 

(C\H^)  OSi'Cl, 

i.^ai 

1(W 

6.38 

6.32 

{C^^fOfSifi 

1.020 

12.02 

11.86 

(C^/MC,/J,0)iO,'Si 

190» 

7.69 

i  icf/;}^  (c^m^o^si 

1. 00* 

U3*  -  U6' 

6.18 

0.23 

1    (CM).    {C,ffJ^O,iSi 

11.981 

I.W-15r 

6.73 

1  {C^MC,K)^o,iSi 

0.915 

245'  -  250' 

10.12 

1  (CA».  (C\ff^)iO,iSi 

0,913 

280°  -  28J* 

11.57 

The  fuUdwinji  e((untion«  Ulnstrato  somo  of  tlie  teactioaa  by  which 
I  oumpuuiiiU  hnve  been  prepued : — 

4  c^.-  0-ff + Sici^  =  ic,ff^^  OtSi+i  na.       pTs] 

3  ((C,ff^,i0.i&-)  +  5iCT,  =  4  iC^B,\'0^tStCl.  [573] 

(C.//,VO,iA  +  5i«,  ==  ZiCff^it'OfSiCt,.    ,         [374] 

3iC»Ii;f-0-B  +  Si/fOt  =  {CtH,)fOfSiH+  3WL        [376J 

Hc,fr,yo-H+s,\oa,  =  ((Vir.\jcy«,o + 6//a     [377] 

Id  (:nnirml,  these  Kaottona  miiy  bo  obtaiDed  by  eimply  litating  to- 
the  •sretal  ftetoi*,  enclownl  if  nwwsary  to  wsnlwl  tnl>c«,     Thi» 
is  oeually  cooipliutod  by  aeaemory  chumea,  and  ■  mixm]  pro- 
,  iceultd,  which  must  bo  purified  by  repeatod  fnctiouol  dislUJattoiL 
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QUEBTIOKS  AKD  PROBLEMS. 

1.  Compare  the  pto^nita  of  uliood  in  ita  dtffcRnt  eooditiooa  wni  ia 
of  borou. 

S.  M>ke&taUeiU<Utradiigll)«nUliQasof  the  {xmnilebTiinbscififfia 

S.  Rojstred  tbo  gmctol  ronnnU  of  tba  foUowiog  mUuntl  (pcckivk 
aloiBu:  ntio*  ue  gircn  in  the  taXAr. :  — 


Streotite 

Epiiintc 

Vwavionite 

L«uciU 

loliu 
Oti^Dcliuo 
Kntrolitti 
Anulciiiw 

Harniotome 
SlUbiM 


VI 

IM 


4 

a 

3 
6 
A 
4 
S 
10 
0 
8 

10 

IS 


VanuhNqaUA 


n 


Tliv  number  of  atom*  of  oxygm,  wbicti  form  the  Tiactilciin  in  aiftdlk 
nboTc  fcmiulic,  is  klwarn  nccotHrilf  tqual  to  Uie  total  slonudtT  of  Wl  Ai 
iHuifl  ndicdlt,  »nd  u  many  ntonii  of  nxy^n  nre  nMod«t«d  with  iW  b3 
ndical  w  are  rwiuirrd  to  eomplcte  tlie  molvcnle.  Tbo  laM  eritkntl*** 
to  1>tn<J  together  the  «loro«  of  lilicoti  when  xbey  ara  in  oxe«n  om  lb 
ber  nquiivil  to  eeutralite  lli«  Ubih*  (§  389).  Tho  ])i«da«  tomwfO** 
the  Rymbols  i*  in  grc&t  meauire  aibitTKrr,-iuid  innat  ba  iliiiiniiiiJ 
many  circumstaucw,  which  <lo  not  iiiDiwaoe  tbe  nmlta  of  «m1^  ;  ^* 
gnat  adTant«g»  of  upt«wing  ibete  icault*  in  Um  fom  of  •■  oImm 
b  found  in  tho  hct  that  thej  an  thna  reduced  to  Lhc  aimplMl  ttrat^ 
exhibitod  independently  of  all  bypothwR.  iMring  oacb  atadnt  lo 
tho  fonnnlie  according  to  his  own  th«orrtical  oo«tc«piianK. 

4.  RcpitKnt  the  conititution  of  Auottlul«,8ai«oliLcaad  BotI  Vl 
•jmhoU. 


i 
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B.  In  the  following  table  the  percentage  composition  of  a  number  of 
native  silicates  is  given  on  the  luuul  plan,  aa  if  they  were  compoaed  of  basic 
anhydridea  and  Bilic;a.  It  is  required  iu  each  case  to  deduce  the  atomic 
latio  and  construct  the  formula. 


fla,0 

E,0 

X^A 

^.O 

cao 

MfO 

Ai,a, 

FL,0,    SiO, 

^0 

Bstki. 

WoUtalofilta 

tsa 

117 

1:9 

PjrmciH 

ao 

24.9 

IS4 

&&; 

1 

3 

Spodnnvne 

** 

S».i 

643 

1 

1 

IVUUU 

la 

SB 

17.8 

77.7 

1 

4 

FonlfrltD 

GT.ll 

41.89 

1 

1 

Iron  GoTDdt 

17.9 

12.4 

S3.1      ST.  3 

1:1 

u 

Eoillle 

SIS 

22.8 

39  tl 

1:1 

2 

nnlM 

31.6 

Vi.S 

1S.4    ISSB 

»:i 

G 

SninUU 

41 

WA 

ms 

,397 

1:1 

3 

Andf^lne 

era 

1,08 

5,77 

i.oe 

»% 

l.GS    B'JOO 

1:8 

8 

AdaIcIihb 

111 

asj 

|M4 

83 

1:3:8 

3 

BnaUDdlU 

93 

Iti.B 

Is9.l 

14.B 

1 :  a :  la 

G 

6.  It  was  formerljr  supposed  that  the  nymbol  of  silica  was  Si^O^  corre- 
■ponding  to  that  of  boric  oiide,  B,0„  wbea  St  =  21  and  0  =  16.  What 
bets  can  you  adduce  in  support  of  the  symbol  adopted  in  this  book  I 

7.  Deduce  the  atomic  weight  of  silicon  from  the  data  of  |435,  according 
to  the  principle  of  §20,  It  is  assumed  that  the  percentage  composition  of 
the  various  compounds  has  been  accurately  detennined  by  analysis. 

8.  Point  out  the  analogies  between  Ae  properties  of  silicic  fluoride  and 
chloride,  and  those  of  the  corresponding  compounds  of  boron. 

9.  Compare  the  chemical  qualities  of  silicon  with  those  of  the  elements 
immediately  preceding  it  in  our  claseification.  To  which  element  is  it  more 
doeely  allied  I 

10.  Compare  the  chemical  quidities  of  silicon  with  those  of  carbon,  and 
iUoattate  by  examples  the  analogies  between  those  elements. 

1 1.  Point  out  the  examples  of  cblorhydrines  in  the  table  of  §  436. 

IS.  Describe  and  iUuatiate  by  reactions  the  methods  by  which  the  silicic 
ethers  and  chlorhydrinet  are  prepared. 


6^8  CABBOM.  —  COAL  [( tX. 
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43S.  CARBON.  C=12.  — Qiwlrinlftot.  One  of  Ui«  moat  viddjr 
diftued  and  one  of  tho  moat  iniputUat  «IoiiuidU  ia  tba  uliaiiw  of 
tamrtriiil  natore.  United  to  the  llmo  Mnfom  eletDenla,  axjgoi, 
hj^liogwD,  and  nitiugeu,  it  fonut  tbo  chief  eolid  wubttmlura  vt  ill 
organiied  Btntcturoi.  Comblni'd  witlv  oxyijiit)  it  forni*  Uia  cmrbocia 
dioxide  of  the  atia<M|ihan>,  vrludi  u  Uiu  food  of  tha  wltote  vi^iriaUi 
world.  In  «  nearly  puro  condition,  or  combinad  with  hydrogen,  It  a 
fiuiiul  in  Uie  earth's  strata,  fonoing  IhoM  defiosita  of  oool  and  putnlan 
vhicli  are  such  gK«t  stores  of  light,  beat,  aiKl  tnotive  power  (I  ti). 
Lastly,  it  ia  an  oa«eiilial  ooiutituent  of  tlie  luacstoDee  and  Dijooitai, 
vhieh  ooostituto  an  impMtant  port  of  the  rocky  crml  of  tha  globi 
({{  189,  S2I).  The  olomnDtiiry  aulwluice  i»  found  in  lutare  ia  Ihm 
very  difr^n'iit  coudittoiu,  namoly,  oool.  ginphitat  and  diantond. 

■137.  COAL.  — All  oigaoiMd  tiisace,  and  many  other  oatbanaceoai 
natcriaU,  when  healed  without  free  incixea  of  air,  are  charred ;  Uul 
la,  vobtilu  pruilucu  ar»  driven  o£l  and  toon  <a  lew  of  the  carlxn  u 
loft  behind  in  nn  uuconibined  condition.  ComiBMi  chotcaaJ,  aninut 
charccmt.  Inmp-blaek,  irory-bloclt,  etc.  bi«  all  aftificial  products  of  thb 
kind,  and  tnineral  noal  b  the  clurrcd  ctinnina  of  tlie  nnk  ngvtalioa  of 
an  early  geological  opoch.  Since  caiboa  is,  under  aJl  citeuBnUnM 
inftutiblo  and  uiin-vulatil<^  coal  frequently  retains  tba  ttruLiur*  of  thi 
organic  tiKnio  from  whiuh  il  was  dvrived,  and  thu  cl«incnt  may  tbti*' 
foro  bo  rvgardv^l  m  tlw  •keltttun  uf  uU  orjjo&tc  forms,  which  in  Ua 
|irooeas  of  growth  t;ath«r  around  this  soUd  nucUtu*  tha  aloauets  of  sir 
and  wat«r.  The  great  potoaty  of  ttiany  kintlt  of  co«l,  which  resab 
from  it4i  ot>|anie  structure,  renders  it  a  poworflU  absorbent  both  tt 
aerifotu  and  Li[|nid  matnTiula,  and  hence  the  uaa  of  wood  duuenlMi 
disinfecting,  and  of  boncbUnk  as  a  docoloriiing  agent.  Tba  na^f 
eombuatibility  of  coal  is,  howoror,  tha  most  diamctanstia  and  io^ 
tant,  as  it  t*  tk«  most  &nuUac  quality  of  this  variety  of  c&rbot^  v^di 
is  peculiarly  adapted  tot  its  all-inipoitaat  usee  as  fhal,  not  ooly  ob 
nooonnt  of  its  high  oslorifte  power,  but  also  beoaoae  It  mfaiiiaa  ita  hU 
eondition  at  tha  biglMwt  furnace  beat,  and  beoansa  Uw  prodnct  of  id 
eomboBtioB  ia  an  invisible  innociuma  gaa,  tbo  appraptfalo  food  cf 
plants    In  ita  mora  porous  conditions  coal  is  a  noQ-oooductor  of  hal 


i 


DIAMONa 


689 


electridtf,  has  k  low  epMific  gravity  and  a  bigh  specific  best,  both 
ViU-yut^  howcTor,  in  diJTornnt  Turielim  bottroon  quite  wide  limits. 

438.  Oraphltfi  lifu  usually  a  foliated  8tri]ctun>,  and  is  found  ocon- 
•ionall/  iu  amixU  nx-a'ule-i  uibloa  b«iIoiigin(;  to  tho  tkirxl  ayntuiu,  but  it 
u  ilUo  Dot  vrfth  til  L'lKupBCt  amtiqiliottii  uiumuk.  From  its  froqucnt 
UsociMinn  with  otj'HtAlliiio  miiK-mlii,  i^vi'lcntly  tli«  prodnots  of  aqueoiu 
Mtioiii  wo  nnturally  infrr  tlmt  it  murt  Iuto  bam  fonaed  in  a  similar 
wmy ;  but  tbo  natare  of  lh«  procoM  ia  not  undcntood.  Orapbitc  ii 
varr  soft,  iMving  «  blaok  Bbioing  etrenk  on  pqwr,  and  has  a  Sp.  Or.  m 
1,S09.  It  is  pmntioslly  incombustible,  slthough  it  bums  ilowly  in  au 
oxjrhydro^n  lUmv,  or  vrlitnt  igititMl  in  a  currant  of  oxygon  gas.  It 
bu  a  tnetnltiu  lii«tn%  and,  niiioo  it  slso  oonduota  olectricity  aesrly  as 
w»U  aa  tho  motals.  it  lias  boon  odled  Motallie  Carbon. 

Tb«  carbon  which  so[iarat«  ftam  somo  varieties  of  caal'inm  when 
ibe  molt^'ii  iu«l«I  sluwly  coob  ia  in  the  condition  of  ;:Tni>)iit«,  and  tho 
UTitics  in  iron  sla;:*  am  sometimes  Unud  whh  cryKtolIiiiK  [ilatM  of  the 
aamo  matorinL  Murnornr,  when  eool  is  ist^iisoly  bcat«<l  in  a  close 
TCSse),  it  scr]iitrea  tlin  chnraotoristio  lustra  and  oondncling  power  of 
the  «ne  mine<nil,  and  a  siinibr  prodnct  is  formed  in  tlie  iron  retorts 
in  which  illiiininating-gaa  is  ioanuf)ictttrcd.  Ordinary  coke  alao  tome- 
tiniea  approach^  the  SBine  condition.  All  these  uiateriak,  bowcvcr, 
am  uxu.Uly  very  tiard,  and  thus  difRu  (rota  true  (pmpliite ;  bat  nader 
thi!  ititL-iisD  licTst  of  the  elecMlc  arc,  tlis  carbon  pnittts  of  the  electrio 
p  oftxtn  ncquin>  all  thn  olinMctoristios  of  tbe  niilive  mineraL 
nphito  may  bo  obtained  in  a  state  of  rainiito  snbdiviidon  by  boating 
strong  snlphuric  acid  the  coarsely  pulveriatd  niiueral,  previouidy 
ed  with  one  tourteentb  of  its  weight  of  putaMic  ehlumto,  iukI,  aft«r 
woakin^  with  water  and  drying,  igniting  Mu!  nsiduuL  If  this  procon 
is  many  timnt  n>]>Fateil  tho  graphilc  is  cMir«rted  into  a  yellow  crystal- 
line product,  which  has  boon  called  graphitic  add,  and  which  has  been 
le^Satdod  as  a  pecnlior  compound  of  ibe  gruphitoidal  coudilion  of  car* 
bon.     Analysis  pitcs  the  symbol  C„//,Or 

439.  DIAMOITO.  —  This  wdl>known  ^m  is  also  a  cryBlnllino 
condition  of  tuirbou.  It  affecbi  tho  fanns  of  the  monomotrio  system, 
■ad  may  be  dwvud  in  ilircctiuns  which  ar«  parnllol  to  the  Stout  of  the 
legukr  octahsdron.  Its  peculiar  brilliancy  is  due  to  a  vury  biKli 
nftaclivp  and  disptmivo  power  united  to  a  strong  lustn-  oallc-d  Ada- 
tnaaline.  Tli«  effect  ia  gremlly  inetvaaed  by  tho  Inpidarj-,  nh"  cuts 
numerous  £Mets  on  tbe  gem,  wbicli  rctli«t  and  diiponc  tho  light  in 
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lOB^  be  <■!  with  ito  oiri  puwdcr.      Rmi^h  at  auUaa 
"BaM  DiMiwnJi.'' wfcieii  in  otlwrwiM  vaIiMh«,UB^ 

■■»»  fin  ctf  tapna  itiiMaDil,  wfaieh  ia  laed  for  tmatf 
t  «f  Hdi-faaaig  to<k.    On  Moouut  vt  iU  itnat  boidiMc  ijin 
«*i  fcrooting  ^un,  uul   Ihe  onireKHy  oflbfca 
to  hmi  the  iHoeMuj  proMon  wiUiuat  bnnkn«. 
[bvaaatkh^JilaBpefmWn  modi  more  teadUjr  ituupqi* 

■ad  in  an  ifwn^JwHi  t4  pan  oxygea  eostaiiM  iu  awn Tiiii^ 

pJJiag  CO^  Skm  aU  otbw  fiooM  or  ctrbon.     It  u  ■  poor  eead«MA 
■k^triiitj,  bat  wbn  tataMif  beaUd  in  tlie  voltaic  m  H  «lHt 
•eqnm  this  ptnm,  b«MB«  tfitaSaily  tij^hUr,  and  is  coomWiM 
a  kiad  ol  mke.    It  k  tamad  in  alluvial  aoil  at  oul^  a  tern  i\ 
cUefly  ia  ladia,  Botoao^  aad  BniiL 

It  will  thai  tie  wBttx  tbat  enboQ   preaenU   tba  mMt 

.  o(  dfc^PniiiiB  wlncb  ha*  boon  obaorrod  in  natu^  ui  h 
ibstweeo  tbe  thne  atatca  appoareliiefi;btlai« 
itadtj,  and  apadij  tat  bat,  (compan  pags  46.)  which-n  oaf 
ia  the  table  bdmr :  — 


fiiliaaMXi^ 

*^.  Or. 

»» 

Wood  Cbatodal, 

Anu>t|iBoiii( 

0.300 

U» 

GanUtOk 

Hwagonal, 

2.229 

m 

Siaaond. 

laMMliiet 

3^29 

al 

la  aD  tbeae  (onxu  carixm  ia  chemicaD;  the  Mine,  and  yiddi  t 
prodoct  (COJ  wbcQ  burnt.     It  b  not  only  ooo-Tolatile  and  i 
but  doM  not  Qvea  w>ft«D  in  tho  hotteit  firw  ;  although  ia  thai 
meata  of  Despntz,  with  a  Toltaic  battery  of  iotenaa  vavig.  H  i 
to  bani  nndcr^rone  iacijiieDt  fiuian,  and  to  bare  beoD  p«nailj  aJk 
tilind,     Lartlr,  altbotigh  oombuftiblo  at  a  high  tempamlUR,  j*t 
ordinary  conditious  caiboo  affcctoally  ratista,  aad  (at  u 
petiod,  tbe  action  of  all  atmoepheric  osent*;  and  it«  ttaoa  tat  CmI  «lh  I 
one  band,  end  for  priDluig'inlE  oa  tba  other,  an  rMnaikaUt  i9^ 
tioM  o(  ibe  (iagnUr  twofold  aspecta  of  this  elwaaut  in  tlia  mil— f' 
oatun. 

We  have  no  knowfedgo  of  tba  origin  of  tbo  dinniond ;  W  ix3« 
ciyitald  UK  said  to  have  btan  pvodoaad  aniHuiaUy  by  dioiairaai  1 
bene  oil  by  melaltic  litbium  at  a  high  tcmf«nUute  undn  goat  | 
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oro.     Tbo  botie  oil  and  UUiiiini,  mixed  with  parafltDO  sjvirit,  woro 
lieated  to  a  k«1  htnt  in  k  dw«l  iron  tube  for  fourtoen  Itours. 


CARBON  AND   OXYGEN,  or  BDIJ>HUR. 

440.  Carbonic  Dioxide,  (70,. —  With  tliiit  uvrifonn  pnxlact  of  or- 
dinary comhiittioa  tlio  eliuleut  luiict  liuvo  olrondy  bcooiuc  familiar. 
Although  91  giw  iindcT  o^)inlln'  coii<litioiis,  it  cnii  be  coDcUnsed  by 
pressure  ami  cold  to  &  colorless  liinpiil  liquid,  which  fremw  hy  iU  oirn 
evaporation  to  a  light  fiocciilent  solid,  outwaidly  resembling  anuw,  a 
oondition  in  whioli  it  is  used  to  produce  a  ;;Teal  degree  of  cold.  As  a 
ffm  it  i*  dittiiiKiiiihud  by  the  ithxciicci  of  all  tlioxi:  qiulitits  wliiah  iilfvul 
tha  Pawn,  and  lieiic,  although  playing  such  on  important  part  io 
natuTV,  it  oacapcd  Doticn  until  tlio  year  1737,  when  it  was  lirst  <U»cov- 
«red  hy  [>r.  Block.  It  \a  not  only  a.  product  of  tbo  combuition  of 
all  carhouacerius  materials,  and  of  the  sluw  oxidation  of  organic  tissUM 
called  decay,  but  it  ia  also  one  of  the  clitof  ptoduct«  of  lettpinitiun,  and 
of  tlie  other  ptoeesua  of  animal  lifo.  Carbonic  dioxido  it  likcvriso 
fonucil  ditrinn;  fi»nn«ntAtiOD,  and  is  Uio  cftOM  of  tho  c^etvwcenco  in  nil 
ftmirntnl  li'piirli.  It  i*  a  product  of  volcanic  action,  and  is  copiouiily 
•volvod  from  tbo  mrth  in  many  loctdilioe.  Mpecially  in  volcanic  dis- 
tricts. A»  it  is  much  hiwviar  than  th«  air,  6p.  <&t.  =  1.529,  it  not 
aDfi«qu«ntly  coll«ct«  in  w^lU,  mines,  and  cavertw,  and  it  is  tlio  choke- 
damp  whicli  baa  occa«ioued  so  ruony  serious  oocidnnts ;  for  although 
not  jKiisoituUH,  pru|wrly  B])eakinK(  lh»  fico  soctvtion  of  carbonic  dioxide 
fmni  th<!  )>ody  t*  an  vmential  condition  of  hfe,  and  this  ia  arrested  wt 
soon  ns  thn  amount  in  the  atmosphere  exceeds  a  small  per  cent. 

Although  on  immenso  flood  of  cArbonic  dioxide  ia  being  constantly 
poured  into  the  atmospheta  from  the  nrtona  sonroes  just  euumomtcd, 
yet  in  the  besuti&l  balance  of  crealiun  the  plant  nslores  the  ec|nilih- 
riiim  wlucJi  these  csiues  tend  to  disturb.  This  product  of  animal  lifts 
of  deusy,  sad  of  Cotatiustion  is  Iho  food  of  tl)o  regetable  world,  and, 
as  tins  Iwcri  sbilml  ({  69).  the  tno's  nys  acting  on  tbo  lesTea  of  the 
pknt  iiniio  the  work  of  destruction,  and  while  the  plant  flxea  the  nu^ 
bon  in  its  Ussues,  the  oxyj*en  ia  restond  to  the  atmoephore.  Wliilo 
the  plant  is  an  apparatu!!  of  i«ductioo,  the  animal  ia  an  appamtus  of 
combustion,  in  which  ihu  carhun  it  receives  wi^  its  food  is  burnt  in 
each  set  of  life,  and  every  hmath  carries  bock  carbonic  dioxide  to  tbo 
tttmnspheni,  rva<)r  to  he  reabsorbed  by  tho  plant,  aud  npiuu  through 
tfaa  pbasos  of  organic  Ufo. 
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WftUr  ilUtolvM  vtrr  iiMrly  U«  own  rokuno  of  cubonid  dioridc  0M 
($  51:!),  ami  Uiia  importattt  ngnnt  is  u  imivmnlly  (UlTbsral  ihron^  Ik 
watDTB  of  the  globe  m  it  ia  thioHgh  tbo  ntmotphoro,  and  suaUini  ih 
saiDB  intdmata  nktionB  to  the  plante  and  animals  which  itAMi 
the  wat«i  as  it  does  to  tiiose  which  live  in  the  air.  Honover,  ui  Ua 
condition  of  solution  corboiilo  dioudft  la  a  yurj  active  and  impoitaBl 
uguiit  in  tho  mioenl  kingibm,  cxnting  a  povrerftal  (olv«nt  MtJMt  (o 
many  minemli  which  would  be  othi-iwiM  njuUToctvd  by  wat«r,  tad 
thus  causing  oxtuuiTo  geological  diangoa.  (Sj  189,  221,  and  Pmk. 
66,  page  386.) 

Although  the  solution  of  CO,  in  wat«r  acta  in  all  n«]iecU  Ilk*  > 
niniple  solution  (g  J)9),  yet  Uietc  aie  uasoua  fbr  regaidinj;  it  as  a  tolft- 
tiuii  of  carbonio  acid,  uud  wnltag  lU  ayubol  {H^-'OfCO  +  Jf).  ll 
hiui  oil  ncid  renction  (§  40),  and  dJasoIrM  itx>n  witlt  tbo  evolution  cf 
bydrogen  gu  (§  3CG).  Uonovw,  it  noutnlius  many  baste  hydntai 
and  such  Koctiona  are  most  amply  tcgaided  as  examples  of  iliad 
Enetathesis,  tboa :  — 

(Ca-0,-ff,  +  ff,-  Of  CO  +  Aq)  =  CifGiCO  +  (2  ZV'  +  Aq).    pTfiJ 

Carbonic  ociil  \»  a  weak  dibasio  aold,  and  forms  two  dl<tinct  dsMw 
of  «nll*.  the  nwrt  iropwtnnt  of  which  hnvc  aln-ady  been  deaoM 
($S  144,  H  »tq!),  and,  ss  may  be  infcrrv'd  from  what  has  b««n  aul 
carbon  ta  next  to  oUicon  the  moat  abuudaut  add  radical  in  the  mintnl 
kingdom. 

The  quantity  of  CO,  formed  by  Um  boninft  of  a  known  wv^  rf 
carbon  can  lie  (sollcctsd  and  woigbcd  with  the  unateat  accuracy,  nA  i 
was  thus  that  the  atomic  weight  of  caibon  mta  determined.  Duaa 
found  in  a  aeries  of  rery  accniato  experimenbi  that  100  {taits  of  |«t 
carbon  yieU  exactly  306.60+  parts  of  CO^. 

441.  Caibonto  Uoooxld*.  CO,  is,  tike  CO^  a  colorieea  8**<^ 
contains  in  the  same  volttme  only  ono  half  a>  much  oxygnt,  and  iK 
taoiecnlu,  not  being  Hstunted,  net  m  powetfnl  dyad  nulHala  (|  fi\ 
The  f^  b  dcToid  of  odor  and  tasto,  is  rery  pinannonx.  ia  hot  ahghtiy 
•oliiblo  in  wat«T,  and  can  bo  condensed  t»  the  liqnid  state  unly  with 
gtvat  difficulty.  Wh<^n  ignit«d  it  hnras  with  a  blue  flami!,  and  whM  ' 
in  contort  with  ItMti'd  metallic  osidea  it  acu  as  a  powntfnl  radadif  | 
agent,  in  each  ense  Mkgerty  ahsotblng  mom  oxygen  without  diaagiiV 
its  r<^nn>e.  It  ia  fuitoed  abundantly  in  all  fumacee  and  gntaa  wh*- 
«T«r  the  fint  product  of  combustion,  olwn}-(  CO^  cabMqwntly  yum 
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ough  a  nuus  of  ignited  carboIla(^eolu  oonibu«tthI«,  and  it  plays  aa 
Dportant  part  in  mnay  luutuUuT^^iL-uJ  prcMXfsus,  out  uiifr«|U«iitly  occ4i- 
;  k  gnat  lots  of  heat  hj  cscnpinf;  combtution.     It  ia  ako  fimned, 
tier  irith  lijdrogim,  when  ntoiini  is  piuaed  OT«r  ignited  eoftl,  and  it 
bief  lugRKlinnl  in  tlir  so-callod  vatm  gna. 

I  moDOxido  may  be  obtained  lb  a  pura  oondition  bj  a  Diufibot 
FclwEaical  loactioDs,  of  ^hich  tlie  fbUowiBg  ia  the  matt  available  :^ 

/■<re),'S0,  +  2  A;'0,v^O,+  3(.VffJ,'0,*50,  +  6®®.    [879] 

aUo,  wheu  oxalic  atid  iii  dchyil ruled,  — bc«t  b]^  Imnttng  Iho  «ry»- 
vricli  coiici-ntratcd  Hutpburic  acid,  —  it  breaks  Up  witb  evolution  ot 
,  and  CO,  wliicli  nm  set  [roe  in  equal  Tolumes,  and  the  CO  may  \m 
bj*  puxiiig  the  gaa  tluviugli  a  HoIutJOD  of  caustic  alkali  wliiclt 
orbs  the  CO,. 

H- 0,'C^O,  -  H^O  =  O®.  +  <&&.  [S80] 

Ib  theotcticol  chemittcy  CO  u  chioSy  intonuting  h  an  imi^ortant 

Bid  ndical.  and  vheo  acting  in  thia  capacity  it  ia  ugualljr  known  «a 

rbony L     It  is  the  add  radical  not  only  in  tbe  uonuttl  carbonatM,  but 

in  almont  all  of  the  ot^puiie  aada.  The  follourint,'  beautiful  sfn- 
oticnl  KNictiuii,  obtaiiiud  by  ciinply  liaUng  oarboiiic  luonoxide  gas 
ith  potagi;ic  hydmbo,  iUustntM  tho  rclAlions  of  tliii  radical  to  an  in- 

at  daas  of  organic  acide. 


K-ai/+  CO  =  K-OiCO-H). 
rftutTv 


[381] 


Tnd^  the  inflaence  of  direct  sunlight,  carbonic  nionoxido  corabinea 

ctly  with  chlorine,  fi>rmiQg  CO-Cl^  called  phosgene    giw.     Thin 

ftpounil  it  at  oni-u  decamptwtd  bolb  by  water  and  ammonia  <*V^J^ 

[  in  flaoh  of  tho  rMiilting  reoctiona  (bo  ndloal  (X>  «videnlly  ratauu 

I  intogiity. 

coc-j; +ff,o=itffa+  co,  [382] 


CO-Cl,  +  AI/,y^ 


fft,//jy,-co+  tyiijct. 


[383] 


442.   OxaUo  Acid.     ir,'0,<C^O,.  2//,0.— Tho  anhydride  of  thla 
C/}^,  ho*  ncviM  Inwii  obtained,  and  the  aold  itwJf  forms  the  flnt 
I  of  an  important  ««rica  of  oorapoundo,  all  of  irbich  oonlain  hydro- 
Strictly,  thorefoio,  it  cannot  bo  daoKd  with  the  iJinpla  eom- 


5«t 


tlw 


CWVQfl^s  GfOfCO-t-  CO. 


m 


tfa 


obtaiBi 


Snlfii  bHtod  with  an  exe^of 


ignto  oKHrt  osbBc  Bod  t&to  CO,  (Pmh.  15, 
la«ii««ilnt«  aUawtiM  fix 


f»! 


PP! 


CO,  aad  CO  [380]. 
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Aigentk  oxalato,  whoD   hoat«d,  ia  resolved  vith  expIoMon  iuto 
aeUllic  ititver  and  CO,. 


^9{  o,-c,o. = Ar^3  +  2  CO, 


i;388] 


On  tlie  oth«T  hand,  when  an  amalgam  of  putiumium  is  hcotoci  in  tn 
nowhere  of  CO^  Uie  gas  Lt  aWrhml,  and  potassic  ozAkte  [eaiilta. 


K-K-V  aCO,  =  K,'0,-CtO, 


im 


Thtat  reactiona  all  Jimtify  tlie  rational  ffiiibo)  Bmigned  to  oxaliu 
1,  uiil  Ely  writing  tliu  Rvmbol  u  ia  tli«  mai^  tbo  i«I&- 
I  of  the  atoms  is  made  more  evident.     We  thua  see  that    ff'O^O 
'  oxdio  acid  may  be  Mgaided  as  form<^d  bj-  the  union  of    B-OOO 
I  atoms  of  the  compound  Mdioa)  ;//«■  COy,  U«td  loccllmr 
one  affinity  of  each  of  the  carbon  mdiiadi,  which,  whon  not  thus 
Gcd,  luuy  join  the  nulicid  to  any  other  group  of  atoms  that  is  in 
comlitJoii  to  hold  it.     This  ladicaJ  is  callod  caiboxyl,  and  dry 
Jic  acid  is  orideutJy  the  comspondiDg  mdical  sabetcnce.    Carboxy], 
.  is  evident,  ia  not  only  UDiTalent,  but  also  tnonobaaio,  and  therefun 
Kiut  tniiiafunu  any  group  uf  atoms  to  which  it  ij  united  into  mi  acid. 
Conovcr,  tli«  tiujiicity  of  nuoh  an  acid  will  be  mmsurod  by  the  number 
^•tomsofcnrboxyl  which  it  Ronfaiios.     Now  nearly  all  tbo  ao-«Ued 
oic  acids  may  bo  regarded  as  compounds  of  carboiyl  with  the  dif* 
brent  bydrucarbon  radicals.    Those  contaiutng  one  atom  of  caxboxyl 
:  monobtttic,  thoM  containing  two  atoms  ato  diba*ic,  those  containing 
BIO  ttibasic    Carboxyl,  howevrr,  mnst  itself  be  regarded  as  a 
npouud  of  carbonvl  n-ith  hydmyl,  and  thus  we  airire  at  tliis  iuipor- 
at  general  principle  :  Tht  ba*iatg  •>/  an  oryanie  add  m  JrfrriniiMtf 
I  tke  nanAer  of  abmu  of  Ho  wkitK  it  eorJain*  waoeiatrdmth  earbonyL 
Koreover,  it  now  appears  why  tbo   biuicity  may  be  less  than  the 
Dtcitr  ;  for  the  last  b  measured  by  tbo  Mat  number  of  Ho  atoms 
at,  however  united  to  the  nucleus  of  tbe  compound  ({ 14).     Bui 
bQe  the  hydrogen  of  all  the  ^  atoms  in  a  eompouud  may  be  dis- 
hy T<ty  podtiTe  melab,  or  eomponnd  radloala  of  either  class, 
I VU  only  dixptaco  fry  doaUt  Jteompamtion  with  baiti  the  bydiogon 
'IboM  atoms  which  aio  sssociated  with  c«rbonyI. 
'  The  explanation  of  this  importont  jmnciple  seems  to  b«v  that,  while 
I  strong  positire  metal,  such  as  sodiitm,  wilt,  like  a  poworflil  imgnelk 
increase  the  attraction  of  the  point  of  affinity  to  which  it  ja  op 
i,  and  thus  give  to  it  an  eu«niy  it  would  not  otherwise  poaewto, 

as 


640  CAKBOX  AKO  SULPBCB.  [fW. 

7«t  ia  tbo  (mliiMfy  mrtatbatlaal  MMlioM  tbe  alonu  of  hjJitogm 
mnuot  be  dHplaeed  union  they  u«  in  *  {lolar  condilum,  •uob  ■•  ■ 
detcniu]i«(l  by  their  Msociotion  with  coriioDyL 


CARBOR    AND   BUU>HTrR. 

443.  Cubonlc  Dlsiilphld*.  CS, — CIukimI  bums  in  tn  ■!■ 
iiHi«pber«  of  sulphur  vapor  iriUi  almost  as  inucli  energy  aa  In  okj^bo, 
foRuiog  t  eolodtdfi  gu,  wlucli  at  the  ordinu)-  tempetatora  of  iIm  a^ 
oondeoaei  to  *  VMy  voUtil«  Ii<iuid,  iliatiiijpiiiUixt  fur  ita  vary  ffot 
reiWtire  and  disponivo  power,  and  much  used  in  tb»  aits  ds  a  aolnst 
of  phosphorus,  sulphur,  and  caoutchouc.  The  compouod  CS  has  tteia 
been  obtnined  in  a  tree  state,  but  Uie  fullowing  rcotctiooa  itulioat*  tint 
it  «xi«t«  aa  an  odd  ndjcal  in  certain  sulphur  nalts  (S  39). 

CABBON    AKt)    niTKOOEH. 

444.  CyaDocen.  CJV.  —  Although  carbon  will  not  oomfaiiw  fi- 
roctly  with  Dttrog<!n,  yet  when  heated  in  an  atmosphere  of  thi*  gu, 
and  ill  the  presence  of  a  ationg  aUcaliDe  bate,  tlw  two  el«tMinta  unlle 
with  the  alknlini!  mi'taU,  and  the  rosulting  product  oontAins  tlM  oco- 
pound  radical  CA',  with  which  the  student  is  already  familiar,  onfa 
the  name  of  Cyanogen. 

Like  cnrbouyl,  cyanogen  ia  a  stiong  negWive  or  acW  iwlical,  uid  wt 
Med  admit  no  other  add  radical  tlian  thcao  two  "  in  inTerttgating  tW 
whole  lango  of  oi^^nic  oompoundtt."  *    In  many  of  ita  cl>emical  tdi> 

*  Hum  ia,  huwi-vcr,  *  i-Ikh  of  tiia,  bnati  by  the  actiaa  of  B^OfSO^^ 
varioea  OTguiic  «u!>ttikiii-M.  in  wMch  lb*  nMttl  {Av-SOjV  ilopMn  to 
«anw  jun  t*  thi  rodioal  ciLrboxr'  >"  ''■*  cenpoutid*  Ji»t  nntirril      BnA  1 
wm  fbnnn^ly  Mid  to  le  MiniUt»d.oT«H^ngate'>a»d  IbM*  toraM.  Ibea^l 
dbouiM,  wan  net  nboU;  inipprDptMlab 
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DDS  cynnogcD  elomlj^  nsemblee  tlie  elemmta  of  the  eIilonii«  grmip^ 
'  ntiUiT  ogmponnds  whicli  ue  uialogoua  to  th«  comflpou^Iiog 
ilea,  bromi<l«s,  and  ioJidee,  but  to  oihtt  lespects  it  dilTen  widely 
am  tluuu  ulements,  both  ou  account  of  its  compouud  uitaro,  and  tlw 
riy  ctiraplux  rolotioDs  of  the  tvo  elements  of  whicli  it  coosista. 
.  uuirul«nt  couditioa  ia  aa  obviotu  raault  of  the  quaiittT&iu[ic«  of  iU 

I  CCIILtlitlK'Jlt*. 

i45,  Cyanog*a  0«a,  CH'C^  at  CyCf,  beua  ths  auno  ntlation  to 
I  ndical  CN  ttut  chloiino  gu  bean  to  the  element  chlorine  ($§  54, 
S),     It  h  easily  m&do  by  heating  meicurio  cyanide. 

HgCy,  = /^  +  %-Oy.  [39<] 

the  same  time  a  brovn  non-rolatile  product  is  formed,  which  in 
I  P^imuyuiii^-cn.  Tliis  boily  ia  ieiomeric  vritb  the  giw,  hut  jirolnbly 
eiitu  a  luuru  cotiduiuud  luuluculur  condition,  oud  i«  coiirwttod 
riiully  into  cyanogen  whcui  IieutRd  iu  an  iiuirt  iitmoq>hon. 
,  QroDOgrn  has  been  coDdoaiwKt  to  a  liquid,  boiling  at  — SO".?,  and 
:  below  — 'Ai",  which  ia  its  molting  ^int  The  gaa  is  colorluM, 
a  guiTocatiug  odor,  and  ia  poisonoua.  It  bums  with  a  bciiuttfiil 
me,  which  recalla  the  color  of  paacli-bloBioni^  and  the  jnoducts  of  ita 
»mbuatiou  are  CO,  and  ^''.V.  It  diswlvai  in  water,  but  not  so  freely 
ill  tdcubul.  Tlio  nijiiedUM  aolution,  moieorvr,  is  not  pennaneot,  for 
be  <7iinogon  ilowly  uoitea  with  the  olemeDta  of  water,  chanpng  into 
imonic  oxalate. 


Clf-CN+  iff^O  =  {y/Qt'OfO,Or 


[395] 


I  Iho  other  hand,  when  aicmonic  oxalate  is  heated,  tbe  action  is  re- 
i,  and  them  facts  show  how  eouly  carboxyi  and  cyauo^-n  iiro 
nv«ttiI)lo.  Cyanoip^n  unites  ilinMly  with  f>ota»iuin,  formiiix  A'-P.V. 
44C.  Hydxoojra&io  Aoid.  H-CN. — The  anhydraos  acid  (a  com- 
tible  and  very  volatile  li<|uid)  ia  most  readily  obtainml  by  pealing 
over  HgCff^;  but  a  solution  of  the  acid  in  wat«r  (the  Pnnsie 
sid  of  i>hiinaac,v)  may  be  made  by  dtatiUing  potaasio  cyanide  or  ferro- 
oyaniile  wiih  dilute  Bulphnrie  aeid.  It  can  abo  be  fomed  by  the 
JbUowing  rety  inlereetiug  teaction  ; — 


C7/CT,  +  KH,  =  3  J7«  +  RCIf. 


cyanic  acid  bas  tbe  peculiar  odor  of  bitter  alroonda,  and  is  In- 
poiaonuua.     It  ia  a  rery  unstable  body,  and  uudergoce  eponto* 


ud 
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Booua  doeomposltbn,  whidi  is  gnatljr  Mootenl«d  b^  ifa*  octioa  of  Uie 
light  When  diluted  with  water,  and  mixwi  irilb  a  minonl  acid,  ll  ii 
Mkoi*  parmaDCDt,  but  it  b  so  volatile  that  ovon  the  very  dlluts  kU 
uwd  in  pbatmacx  rapidly  looca  atnngth  when  oxpoaed  to  ihe  oic 

By  absorption  of  the  clomenta  of  ml«T,  both  aaiuouio  cixalato  oad 
ammoiua  formate  are  alowly  prD<liiood  in  tbc  aqavona  wad;  tlw  finl 
by  a  nootiou  tiiuilar  to  [395],  aod  tho  iocond  thas :  — 

Wh«n  tho  vapor  of  ammoido  foTmat«  ia  paned  lUrough  »  red-luit  tube, 
the  lad  reaction  in  reversed.  In  tike  manner,  whoa  kydiwcyauM  acid 
ia  mixed  with  liydrocUoria  acid  (both  oonoentratcd),  we  have 

447.  CjranldM.  —  nydroeyuilo  atdd  leddetu  lUmas  fMblj,  nd 
pintatMc  cyHuitlu  lioa  an  alkaline  nactioD.  l%o  add,  however,  finely 
dincilvw  ff:/0,  forming  H^Cyt,  and  in  a  similir  way  (or  mor*  Midily 
by  ntotathiwia  from  potaaaio  cyankle)  a  large  number  of  mdtallic  cp- 
iJdeanay  be  obtained.  ThoaUialiDO  cyanide*  am  very  tulublo  in  wattf, 
and  several  of  tho  cyanides  of  the  heavier  mrtoU,  like  /^6';„  dinoln 
to  a  limited  extent.  Most  of  thorn,  however,  are  insolubla  in  pars 
water,  but  with  few  oxooptions  lliity  all  diwolro  froely  in  aoldtjow  tf 
tho  alkaline  qrmnidot,  with  which  th^^y  form  double  aalts,  and  aolatiaw 
of  JyCy  and  AvtCg^  in  (A'Cjr  +  Aq)  ai«  very  much  used  in  the  pnosH 
of  eteotioplating.  Tho  double  cyanidoa  nie  a  rtill  mot«  definite  taA 
BomeTone  class  of  aelts  than  the  simple  cysnidca.  AtnoQg  then  n 
auy  cite  aa  examples 

A3  Op .  KCfg,      and      ZnCft.  SKOy. 

All  tbMe  cyanides  contain  cyanogm  as  such,  nnd,  wiUi  few  »c«p> 
tioiuv  when  heated  with  dilate  faydroddortc  add,  they  yiekl  JTC^,  saJ, 
if  solable^  atu  violunt  poisons.  There  is,  however,  aaother  rlaai  of 
oompounds  foRDc<l  by  combitunf;  with  tho  alkaline  cyuudw  the  oy^ 
nidee  of  inm,  enbalt,  chromium,  platinum,  and  a  few  of  the  nnr 
metals ;  tbeso  compounds  do  not  c\'olve  ffC^  nader  iha  inAnsssi  of 
hydrocbloHc  acid,  and  hav«  not  tho  Mmo  deadly  chaFscter.  Ittmam, 
the  metats  which  they  oootaift  eaanot  be  diqdaced  hy  the  tuaai  mrta- 
tlwtkal  uethoda.  Hence  we  have  eome  to  tbe  eondusion  that 
bodiea  an  not  simple  cyanides  of  the  metals,  but  ca&tun  (at 


|4«.l 
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i[)lcx  ndicala,  of  vhich  the  nictdit  jiut  nutationed  fonn  a  part. 
tie  niost  impurUut  of  UieM  conipouuda  aro  duscribud  in  Um  next  two 
cttons. 

448.   PertooyanldM.     ^,i(/*f  f,.VJ  or  ff.ifJV-  —  Potasaic  ferrocy- 

aide  (YdKiw  l'riMittt*of  I'uUuli),  A'^-Cy^,  isau  uu[KirUiut<H]rotiiorciid 

product,  luanu  (Pictured  oa  a  lai'ge  walu  by  tuMiig  nitroguoiiMsd  nninial 

Iter  witli  poUtuc  carbouaW  luid  iron  filinj^  ItxtTUliog  tho  naulting 

:  Willi  wuU-r,  Eutd  crysuUtiiiiig,     Tli*  ttltfomulaige  jrellov.'aqiiaie, 

Bbular  urysUla,  U  very  much  used  ia  dyeing,  and  is  tho  ]>niuiuy  uures 

oil  lbs  cyaoogan  «ompouudA.     It  may  aba  bo  umIo  from  KCy  or 

(())  by  Uia  followiBg  leacUoiu  :  — 

FtS  +6K-  C.V  =  A\<(/V  C,yj  +  K^  [398] 

L  2/V,0,+  3f(O+t8ffCy=[/>,J^<ifJ,+  9^,<?.     [399] 

2t/iilUfew+(3A/(%'  +  Jj>.     [400] 

When  ftiBed,  the  fpnocyanide  U  partially  dccoiaiwMd,  yioiding  po- 
ne cj'anide,  vrhiuh  in  made  In  givtH.  ciuoiititiiu  in  Uiia  way. 


K^>^F*  CJfJ  e  4  r-Ci!^  +  /t  (7,  +  ^JV. 


[401] 


By  praviauHlf  mixing  tlie  funocyonlde  with  poUMie  carboDutA  a 
prvduet  is  obtained,  but  Iom  pure,  lu  potaauc  cyanide  u  formed 
HitniA  time. 

From  the  aolation  of  tbo  potnariom  aolt  vattooa  forrDeyanldM  an 
easily  pnpared  bjr  nnpl»  mcUthoaia,  and  tcreral  of  them  have  itriking 
and  cliaracteritAic  colon.  Thoa,  when  the  solution  ia  raixn)  with  hy- 
droclJonc  add  and  ether,  hydro-fcirocyauic  add  is  precipitated. 

if.'  Cyt+if/Cl  =  I/^tCfy  +  4  Ka  [403] 

With  a  ferric  salt  we  obtain  Pnuaan  Blue  (fenic  ferrocyanide). 

[/l-J,-(yy,+  (12A'CT+M     [404] 

Hence  the  ori^n  of  the  name  Cyanogen  (novot  and  -jxiWai). 

With  A  fi-rmiu  Milt  Uie  precijutate  ia  white  or  neatly  to,  but  beooowa 
blue  in  contact  with  the  air. 


B« 


•<9fa4>Jft- 


.  ai^^-^g^ -i- «iE>9^  ^  3 /V.0, 


m 


L— B*  ^^  eta  ikRMvh  •  «Mb  ' 

»  m^  rrhlinn  la  Ci>  that  n  ■«■• 

Cm  <hphAc  Ai  arittM  «■  abtna  Um  mU  in  diirM 

1 «{  OHia^aB  utdM'  Uw  nun  of  U 

nqr  %e  '**■■"'"'  iVotn  llie  potaaimn  nSi  If 

^<7*i  *rfOW.i%ft  -v<s.^J(<yAl    AVB^OW-iW 

Feme  Mita,  on  lb«  otbor  lumd,  gire  do  pnwipjtntA,  aod  i  «3^ 
noticed  thftt,  whiU  ihcae  ntU  giro  ■  hlxm  iinicipiUto  witta  tfa  hMf 
saidea,  tbe  feirom  nits  giro  k  ilw  preciint*t«  oolf  witii  tki  ■■ 
efsnidea.     UeDce  a  niuple  mMae  of  dislingnialuag  tb*  t**  A* 

of  Kllla. 

4i!iO.  Other  Compounds  of  Cy&DOgoa. — CliturilM  tunn*  viD? 
aDQfjui  (wo  j>olj'm<;:nc  coupouiuU. 


(CA;H?/{JJ.r.l5.''5), 


tc^a<4- 
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la  like  buhumt  tbera  ara  two  polymeric  oxygen  aciUs. 

Tli«  tendeii^  to  polymerisni  (3  55),  here  iDikDtfeBttKl,  ia  a  renuk* 
able  fcttlun  of  the  nyam-gea  caai^uuiii,  aud  ^ivea  mo  U>  proUacta  of 
gnat  complfcxity,  moct  of  whicli,  kowi»-er,  bav*  bvuii  but  liille  etudioij. 
Timr  ooiulonsod  molMulM  aiv  oviiWtly  hold  to^pathur  by  ooiQplex  tad- 
kala  fbrmoO  bj  tbo  codoBoing  of  tovonl  atoms  of  cyanogen,  aud  it  ia 
«videul  tbat  tbe  atomicity  of  such  radicals  must  be  eciiul  to  tba  iiuin- 
bei  of  eltMneuUry  atoina  of  any  one  kind,  nitrogen  ur  carbon,  of  vrliidi 
tlicy  coiuiaL  On  tbe  aame  priuciplfi  ib«  consiitution  of  Ibe  f(im>-  and 
fiini-cyoiiidos,  ut  wuU  ua  tbui  uf  paraojauogen,  tiiay  ha  cxi>liiiii«d. 

451.  CyanatM Cyanic  acid,  ivforrad  to  aboro,  fomu  an  impor- 
tant class  of  ealu  which  bovo  a  gmit  tboorotical  iiitorrat  on  account  of 
tli«  lemarkable  ttansfonnationB  of  vrbich  tsauy  of  them  are  siuc«{iiible. 
Potaoaic  cyanata  ia  i«adily  prepared  by  dropping  litboig?  into  tbo  fused 
cyanide,  ot  furrocfanlde^  ao  long  aa  tlie  oxidu  ia  rediic«d. 


I[Cf  +  FbO  =  K-0-Ci/  +  Pb. 


[409] 


^ 


In  Older  to  cryslallixo  the  salt  the  fused  moss  should  be  exbaosted  with 
alcohol  i)f  80^,  sinca  on  evaponting  an  aqueoiu  aolution  LU«  aolt  ia 
aloirly  dccompoaod.  Tba  same  change  tokea  pboa  tapidly  vben  tbe 
■ah  is  heat«d  iritb  potAssic  hydrate. 

K'O-CN-y  K'0~Ji+  Hp  =  K,-0^'CO+  NH^  [410] 


When  polnasic-cyanate  b  mixed  in  solution  with  amroouic  sulphate, 
a  netatbosis  ttlcea  place,  but  thu  nMuhiiix  aniinoniu  cj-anato  is  at  onoo 
tnaaformed  into  a  remarkablo  coni|Kiund  unioonia  or  amide  (j418) 
called  area, 

JMr,-0-CW=  {H,}f)fCO.  [411] 

and  by  thid  reaction  tbe  syntbeaia  of  this  comphix  organic  product  was 
fiiat  acGomplialied. 

452.  anlpbo^oyanatea.  —  By  f^tng  potasaio  cyanide  with  salphur 
we  obtain  thoniil)>hiirsiltcornM]K)n<linx  to  pntaaidc  cyanat«,  oj KS'Cy, 
and  from  this,  hb  (rom  the  cyanato,  a  large  uomber  of  conpntincl*  may 
be  derived.  Potassic  siilpho-cyanatii,  allhou|;h  without  action  on  the 
CBiTooa  compoundA,  strikes  a  deep  red  color  in  a  solution  which  con- 
tuiiLi  the  lout  trace  of  a  ferric  salt,  and  for  this  masoD  ia  a  very  useful 
TMgvat. 


Q< 


and  Btnptt;  wm 

bKs  diKimnda 


ailed  the  vital  pdit^  | 
ibe  growth  of  (xpmi 
a^ifcrf  .  «•  MT  fcaow  that  Uut  aata^  4  | 
■B*  ■■3JBrt  to  Urn  Bne  laws  u  tninenl  aaita,  ^ 
'  W  tand  to  ■  pwofiu^  quality  oT  nrixctba^l 
'    TW  M^B  (f  enbes  m  prone  to  cotnfaio*  onw^ttak 
:  Ae  a^  ladac7  wUdt  a|ipe«n  in  wrcnl  of  lite  dn 
ikdmld^  &  th»  eua  of  autuD  laaTinki^i 
Cteka  ii  tt>  ifcdcCia  of  am  otguiiie  eompoiuMl  ia  ■  poll 
Si  mtma,  locked  togirtber  Eke  so  OMiiy  vp-rtebnr,  ttm  l»  j 
:  l«  wUefc  Ae  at&«t  ahmwtit  m«  ia«t><utHl,  sad  tko  •«» 
pHS  MMMBiv  Mndan  It  lenlaod  in  a  woittloriui  nmsuv  tatt0 
■adM»Ui. 

Oi^ne  rhiaiitfiy  >•  (implf  the  diemiatt^  of  the  rampunnib  d  » 
boo,  and  Ih»  no  diitiDetiTw  dmtacter  oxoepl  that  vhidi  tb*  pair  I 
qiMlhim  oT  thk  ■bgnbr  dtnwBt  gim  Moroorer,  ulthiraeh  it  la 
p«ndituB  of  the  KleDce  it  maj  he  conrenienL,  or  own  t\\  iiitt.T 
diMluguisli  hetTcen  minml  and  organio  chomjittiy,  on  wMOvi  J  ^ 
fovnl  pfepondcmDoo  umI  importauoe  of  the  conijtonmlB  of  otW,}* 
in  a  wnrk  on  Cbomical  Philoaophjr.wfaorattHj  object  is  aotttcnvM 
taeU,  then  Boonu  to  be  no  good  tcosod  for  depanting,  In  the  »*  •'li* 


•  The  ctwItBt  ihoald  toj  oucfullj  itnnr  Chap.  Vlll,  tn  tUi  i 
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•lag^  doomly  from  th«  (^neial  achcnus  or  treating  it  rnvn  taHj  thta 
b  wqttiwd  to  illiuitntto  iha  trnvf  mid  iiaportaiit  principlea  which  it 
jirwniilii  to  OUT  notice.  Indeed,  in  on  elemeDtary  work  no  otJier  vouiu 
is  poeeiblci,  udco  a  num  lict  of  the  knavn  cotupmindti  of  uarbun  would 
fill  lliid  rolume, 

TImi  cliief  difTemic^  botwwn  orRaoic  uiid  rainer.il  chemistry  arise 
fTom  tlio  ditfeicut  inutliuda  of  study  wlikli  tlio  pmwnt  vouditiun  of 
tiitse  two  (icpaTtmeiitjt  of  chutuical  icirnRo  neccMnrilj'  involvM.  MiD* 
cni  Bub«t«iicoa,  lui  a  ruti!,  pnuic^iit  well  niArkud  and  chnnicteriitio 
ph>l>orticij^  hy  wlndi  they  urt^  dietinjjuisbod  from  each  otbor  entirely 
tlulependeotly  of  their  vhciuJcAl  compositioii  or  rebtiona.  Uolona, 
Febl«par,  G teen  Vitriol,  Epsom  Solt^,  atv  iiulivi<lual  nLtwtancea  familiar 
to  tlw  miuur  or  the  druytj'sl  hy  llmir  ]>liywcjil  chorncten,  and  wore 
known  under  theao  trivial  lutmea  long  hefora  men  discoretwl  of  what 
they  wore  omitoavJ.  Their  ext«niiil  chamctcTS  alono  may  bo  ohjecta  of 
study,  and  funiiuli  a  luuli  fcir  claMificntion.  So  true  i«  ttii>i,that  many 
AwtoDta  of  minemhigy  novor  pui  beyond  this  point,  and  know  min- 
enls  only  aa  they  would  any  other  naturtd  objecte.  Moreover,  when 
we  me  to  a  higher  level,  and  look  upon  niinurul  oubstaDcee  u  oheraioal 
compound^  the  most  general  knotvlcd^^  of  the  conipasitiOD  gives  us  a, 
buaidi  for  iliatiiiL'lioii.  If  we  Ii^urn  thul  one  subituneo  iti  plumbic  >u]< 
phidc,  and  anothur  cryitotliiiod  fRimiu  milphate,  we  have  gained  tU 
the  knowledgn  whinh  in  at  pn-sEint  neceesary  eithtr  to  identify  or  to 
detiiie  those  aubstances,  and  tliis  kind  of  ideiitilicatiou  or  dclinitioa 
is  rendered  the  more  eaay  by  the  drcuniatunco  that  thn  compounds  of 
«ai.-!i  element  have  a  certab  E»mily  likenoKi,  and  that  mort  of  th« 
elt^mi-ntjinr  ntonw  only  admit  of  the  rimplor  types  of  combinatioa 
Inde«d,  until  within  twcnty-fivo  yean,  chemists  generally  considered 
that  the  properties  and  relations  of  a  chemical  compound  were  wholly 
determined  by  the  nature  of  tbe  elementary  suboUiices  of  which  tt 
oKiuistod,  and  when,  after  carefully  describing  a  aubstance,  they  bad 
Analyzed  itnd  determined  it«  eiuptricol  symbol,  they  coiuiidureil  tliat 
they  had  learned  nil  that  conid  he  knowti  in  n-gard  to  it.  And  al- 
thoUjfh  through  on  cxt«niii«ii  of  the  principle*  developed  by  the  inres- 
ti([ation  of  organic  compounds  wo  have  gained  Bom«  insight  into  tbe 
mcdecKhu-atnicture  of  mineral  products,  yet  tbis  knowledge  is  still  very 
imperfect,  and  wholly  auburdiimly  to  thoee  features  of  their  ehemieal 
history  we  have  jtist  ilc«i'rilje<l,  and  this  de«l^ri]>tion  of  llio  method  of 
UiDcnlogy  not  unlaiily  n-pniJtenU  the  prcseoi  methods  of  "  luoiganic 
Chomistiy." 
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Fnaisg  nnw  to  "  Otguite  Cbemistcr,*  we  find  an  enlin  ebmagt  «f 
BUtfaed*  and  U'mIm  of  ttiongbt,  ahliotigh  toiiualo^  ukI  ttpak 
climuutTy  an  umplf  iliffnninl  dwpartinMtU  of  one  Ncioooa.  To  Dm 
orginio  <dMmbl  i\»  uttenitt  clMiactta  of  Um  bodm  tw  sludtM  ■»  ot 
aecoadftiy  importanee.  They  utt  ft»  tho  moal  put  oolmlcM  liquids  <f 
equally  ccil(iTl«a!t  Hul>ii«.  The  chemist  canifuU}-  detemuoes  tbetr  J«tMilf, 
Lh«ir  boiling  and  tm-iUiig  puinu,  perlia|«  aim  Ibetr  oyaUilitui  fcnn, 
and  oth»r  chamrbtr*,  wliioh  will  eiiablu  hiin  loreooKiun  Umj  uitwtBMM 
wtim  he  lueeb)  thon  again ;  f<<r,  lut  n  ruUi,  Ui«*u  eomiioamb  an  a* 
lilUo  uuTkod  Uutt  the  ncognitiun  of  the  prudunta  of  a  veoAtioii  la  ofUn 
the  peat  difficulty  in  the  whole  inveatit^tion.  Butsuoh  cbaactan  pH 
a  rery  nnall  bosa  for  Maociulion  or  olaudfieatton,  and  tbo  luae  ia  in* 
of  thi»  eonipoaition.  Tbo  ultinMt«  aaalyaia  of  organio  conpuunda  ii  at 
t  ral«  eaidly  nadc^  and  the  empirical  fonuuk  nwlily  taublitbwL  Dm 
vben  thei«  may  be  aavoral  tllMtnct  subataaoea  codsiatiii]{  of  tba  mam 
tlMoenU  united  in  Um  aame  pri^jioitiana,  a  kuowledgo  ot  the  pnrcMlip 
OOBpoaltloa  can,  obviously,  gire  but  little  Iwlp  in  dafiniag  thaa,  asi 
h  ma  tho  study  of  such  isomeric  bodies  which  fonod  ibe  cberairfa  to 
•eek  a  new  bajua  for  diatinctton,  and  tliia  boau  th^  found  in  wImI  «• 
now  call  molocnlar  Mnicture  (Chap.  VUI.)>  The  coaoc|itiaa  Ifaal 
molecniar  atnictura  i*  a  chief  element  in  d«t«nnimnK  tbu  ptopartiM 
and  Klatioiit  of  a  mibatanea^  opaniid  a  new  &dd  uf  invoati^pdiaii,  wlwfc 
has  b<«n  (niltinited  with  tho  most  marked  aucooaBtaAd  for  suraol 
jeats  lhi«  baa  bwn  the  pttut  point  ot  interest  in  cMUMclioti  with  o^ 
gtnk  ptodiwta.  It  ao  far  engroawa  aUitoLion  that  theae  eo«|M)nMli 
an)  cbii^y  known  and  defined  on  thia  basia.  An  aldehyde,  a  i^jvd, 
or  A  quinono  ia  not  in  tli«  mind  of  the  cbouist  ao  mueh  a  buly  hanag 
oftrtain  gunnni  clMrachm  an  a  mducnlo  havii^  «  eerlain  atnrttna 
lloDce  ihn  nnly  point*  which  we  have  to  illuMnUe  in  nuiiiwliiiii  with 
the  comjHtuiMls  we  are  now  to  atuitj  ta  tba  mokonlar  atmotun,  aod 
the  naetiona  by  which  tbia  ntnictoro  is  made  evitkint,  and  the  piaa  of 
tlua  book  will  enable  na  to  give  only  a  recy  partial  oalUnt  erven  of  iMi 
•peeia]  fi-dUire  of  or^ntc  chemialty. 

In  atddyini;  tbia  snl^eot  the  alndent  abonld  VoA  for  the  avidcnea  tl 
luteonlar  atructun  which  the  rMotiona  aa  given  aSbnl,  and  Hik  to 
{nlerprat  thoao  rcactioiia  frnm  thia  |>oint  of  view.  Be  nost  ■"nrfwil'f 
Iwar  in  mind,  Ui>wev«r,  that  onr  rn*tho(b  of  wprwintiiiB  nwheaki 
«tni«tnre  are  pnr«ly  cunvenlional,  and  that  onr  ■o-caUsd  atrarfnal 
fomuls  ue  simply  "  symbcda"  which  indicate  to  Uw  «lusmial  tha  » 
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utioiis  of  which  a  ^von  sabatance  is  miscsptibl*.  Thej  preAgure,  as 
it  were,  these  Toactiona,  and  thua  suggeat  relations  vliicb  olhervrise 
miglil  have  rvnuunad  unknown.  Based  in  the  Bat  phuw  oa  a  iturtiol 
kRowl«(lgti  of  lltn  i«iw;t!ons  of  a  oomjKjund,  thoy  wrre  to  guneniluw  Uiul 
kiiowlodgp,  nnU  thu«,  lik«  wnrkiag  Uwiories  io  othor  scioncmi,  ihej  ))«- 
come  guiiloG  to  th«  invrntigator.  Tbo  <langnr  is  tliat  vm  bIiouJU  aoaoci- 
ate  with  tbem  an  objective  rmlttjr,  forgetting  that  th«  only  thing  tbey 
even  sfmbulically  rejiresent  ar«  ibe  nactioiu^  or  other  Klutioos,  ihey 
ai«  kauwu  to  tygnfy  (coupare  $  34).  Foi  tliis  reaaou  tliu  uuthor  ilum 
not  attach  much  impurtauoe  to  Uh«  praolac  niuda  uf  writing  tbu  ayiubiilii, 
•0  long  ac  ttie  rabtionii  to  hs  repnttnted  an  nutUn  ]>Uin ;  and,  in  hi* 
Tiow,  MKntinllj  ditl«n»it  fonnuiiD  are  Di(uuily  Icgitiiunto  if  both  indi- 
cate all  known  relations. 

The  linear  form  of  writing  graphic  symboU  ailopted  in  this  book  luis 
alRodf  been  explained  (§  31).  It  aavee  space  and  labor  in  printing, 
•nd  LB  addition  it  appuan  to  th«  author  lo  hare  an  advaulago  into  Iho 
Tvry  dromnstanco  iliut  tbo  atudunt  dumut  tliaw  a  Cdso  impression 
from  i^'nibpls  so  obviously  co:iv>.intiunaL  In  extending  this  ayslcm  to 
the  more  complex  carbon  componnds,  the  coinnion  nsage  in  works  on 
ngUBC  ohsnntrjr  nay  at  times  bo  vinktod.  Tliis  will  lie  conspicuously 
the  case  in  the  occasional  use  ot  ffotor  the  group  //-0-,  auabbreviatioa 
which  al  times  greatly  helps  to  make  prominent  tlie  rBlalious  of  tlie 
pwta  of  the  linear  aymbuLs,  oapeuiaUy  the  rolalious  of  Ui«  byilniKyl 
gruup  to  the  untvsiunt  stoma  which  it  reptncM.  This,  however,  is 
with  th«  Riitlior  a.  mere  queiitJon  of  oxpiasmon.  1'hn  obbrcviation 
Buona  th«  aame  as  tlie  full  symbol,  and  in  this,  aa  in  all  other  coms, 
Uw  atudeut  can  readily  develop  the  coadonaed  vspmsiQn  into  the 
U«ual  exiMUuleil  Krapbic  form. 

-  454.  Caibon  Huoleoa.  —  It  Itaa  been  ahovn  {|  35)  that  the  atuma 
of  carbon  hav<>  t)i<i  uiiii(ii<:>  powrcr  of  combuiiiig  almost  ludelUiilvly  with 
Bach  otbor,  and  may  thus  give  riaa  to  niwl«i  around  whiuh  uolecuivs 
of  Tery  great  oomplexity  can  be  conxttuatod,  the  atoms  of  earboo 
locked  to)>L-tli0r,  like  ao  many  vertebtnt,  Conning  the  fk«mework  Ut 
which  the  oLlit-'r  aloma  on  fW«ned.  Tbo  motecui«a  of  the  liydto- 
flaibon*,  for  cxampk-,  acv  luRuud  by  uniliiig  lo  (he  eariion  skeleton 
idoms  of  bydroguii. 

Obviously  wc  mny  nmnge  tbu  cnrl>>:iii  ul4)mB  of  the  nuclriii*  in  one 
ol  two  general  ways :  either  is  an  open  «bain.  Fig.  a,ot  ia  i  dotod 
Chun,  Figb. 
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Hum  are  two  distinct  trpc*  of  Blruttiuv,  whkli  dniemtii*  dilb)Ml 
cfaeraiosl  relattons.  ComiKiutxU  formixl  aftor  tli«  foA  tjp*  b^RgtO 
what  we  may  call  the  F&l  Scrio,  nnd  tlioM  finnwd  nfWr  tbe  aMoad 
type  to  the  Amnatic  S«riaa.  Wo  will  study  tli«M  two  type«  of  Btno- 
turu  Mpantcly,  fae^nnbg  vritb  tbe  open  cbaina. 


HTDROCARBOKS    Or  TBE   FAT  SBRITS.  AIYD   THEIR 
DBKlVATIVEa.  —  OPEN    CHAINS. 

455.   ClaMinoBtloo.  —  The  open  cbain  may  bo  cither  hiiujite  oc 
fbcked.    Tbua  with  live  atonu  of  carbon  we  may  bave  eilher 
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Ani)  if  to  tho  open  bonda  we  attach  atonu  of  bydiogra,  il  U  ubTioot 
that  (TO  aholl  hnvo  in  Mwh  of  tbeee  cases  CjA*,^  and  it  can  aUn  codly 
be  aeen  tJiat  witb  any  number  of  carbon  atoms  unitm)  by  na^ 
bonda  we  ahall  obtain  a  bydrooiu'biiti  conforming  to  the  t;rn«im]  symlol 
(^fft»tit  whetlier  tbe  chain  Im  iiint{)o  or  fbtkmt,  pinvidFj  only  tliat 
it  mniiitiN  open.  By  nulmli luting  for  n  in  thi*  fonnuh  ■DDceeaiw  inle- 
gon,  WD  obtain  tho  aymhnls  of  a  ames  of  hydrooubona  which  iliHtar 
«ach  fivMD  the  preceding  by  C/f^  Compoanda  eo  >eta1«<1  an>  wd  la 
be  homeloffwet,  and  encli  a  aeTiee  ia  called  an  Aomo/o^otw  itrut. 

Id  the  aymbola  [413]  (be  carbon  at«uia  ato  united  by  ain^ 
and  this  is  the  ■inollcat  number  of  bon<l>  hy  which  lh«  ataau  of  th»i 
nucleus  can  be  livid  together.     ETiiUntly,  liowoTor,  a  loTiger 
of  botula  may  bo  eo  oouipjed  ;  na,  for  oxample,  tn 
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Hi  vc  thus  obtain  n  minim  of  lijdtocuboiu,  C^I^,  CJI^  CJ^v  vUdi 
^Per  from  carH  otUc^r  by  H^  Conipound*  fo  nlated  are  said  U)  l>d  wo 
Eo^tuTj.  Theon^tkally  such  a  series  might  be  extended  lai  beyond  thrco 
terms  by  ihe  multiphcutioQ  of  bouds  between  othes  ]>&iTs  of  carbon 
Ktoniit,  but  only  a  few  coreespouditig  compotindi  wo  with  csrtuntjr 
knoim.  In  the  following  tablo  of  hydrourboiH  Vo»  rertical  oohunua 
ut  acticfl  of  homoIoguM,  and  tha  boiuontal  UiMe  seriaa  of  Uott^uea. 


/^(frocorftoM. 

fiukOua. 

OMlMa. 

JUMffaOH. 

Ci/..,. 

(V/,. 

C^f-. 

[ethwe,  CB^ 

t'Dknowii,   C^ 

Un)cni>wn,    C 

khano,     C^H^ 

Ethene,*      Cfi^ 

£lhiiw,        (^ 

'Mpino,   c^,fl; 

Propeuo,      C,fli 

Prophw,      C,ff, 

tutano,     '^(^10 

Bntaie,       C,/^ 

Bntiite,       €JI^ 

mtaiK^    C^^a 

Pciit«no,      C^U^ 

Pentine,       CJl^ 

I  table,  however,  doea  not  by  any  maana,  rspraaent  all  the  poaai- 
I  of  tho  KhcRie.  In  the  paralBn«  series  as  soon  aa  the  number  of 
xbon  atoma  becomes  greater  than  three,  differencea  may  raiult  fnnn 
diffcruiil  n]i>defl  of  grouping  the  atoms  of  the  cnibon  nucLout.  Tbua  in 
tb«  CMC  of  C,  two  diffurcDt  mode*  ate  powible^ 
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Wli^n  lUo  number  of  carbon  atoms  baeoiiMa  five,  thtw  diScroot 
nwdua  an  {lussible,  a«  Hhuwn  by  [413]  >  and  as  tbe  number  of  carbon 
•toms  incmateit  tli«  powible  (anm  gnatly  multiply.  Buck  diffenoioM 
ooitvfipond  to  powiblo  isonicra,  not  only  of  Uk  liydrocaibon,  but  also 
o(  the  conpouadi  dcrirod  from  thom  (eomparc  S  H). 

Isoraeric  modificatiotu  of  tba  olefinea  and  acetylenes  may  ariae,  not 
only  bom  the  diSenncee  jut  deacribed,  but  alwo  from  th«  poaitiiMi  of 
th*  (loubla  bond  in  tha  one  eaaa,  and  tbatmbla  bond  in  llw  other.  Tlnia, 


but 


'C'C-C'O-  diffirafiram  'b-6-C'6'i 


•C*C-C-        doe*  not  differ  from         C-OCh ; 
Th«  «m«  cumpoiiuci*  tn  alio  ealM  *lktUt>«,pnf:^«ttc  <tc. 
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Mid  tbo  atudcat  miut  carabiUy  beu  in  toiiKl  thai  oar  Byrabeb  m 
manilf  oonvuiilioiutl  model  of  rapmenting  tDolecnlar  sttticturs,  ud 
that  only  ihow  diffouncM  of  foim  in  tiw  tymboia  have  aigiiifiMae* 
whtcb  indieato  a  diflcnnu  is  tbe  nlntiv*  positioa  o(  tb«  pkita  atinlf 
iadopendent  ol  Um  mADner  ia  which  this  may  b*  npraaentcd  m  llm 
pagSb  Indeed,  then  is  ft  gnat  diffennce  of  pmcUc«  in  rogud  to  tb 
UBnnet  of  writing  and  priuting  otnietund  aymbolc  of  thia  kiad. 

4((6.  PuaOne*.  —  Eaub  of  the  three  series  of  hydrocsrbons, 
IhkI  nboTC,  u  marked  by  certain  chamcAeriMttc  di«mieal  rflattotia. 
p&mRinM  nre  highly  itidiflnivnt  bodies,  ftod  this  property  cai 
to  ths  fact  that  they  are  saturated  ramponnda.  As  tbn  atoius  am  tl! 
joined  by  single  boncia,  no  products  can  be  fimned  fima  llMwe  bodiit 
except  by  suhititution  or  by  the  breaking  np  of  (he  tnoWuleo.  Tbt 
lint  mnnibtir  of  thb  sertes  ia  the  wolMcnown  "  Marah  Gm."  a  cosilasl 
proiluct  of  tho  deoompoaition  of  Yt^eUUe  tiesue  noder  vralor,  lUao  ih* 
chief  coDstilnoiit  of  the  firedamp  of  coal  mines,  and  of  eomiDOD  iUnsri- 
iisting-gBS  obtained  by  the  dry  dUtillation  of  coaL  Seven)  ef  tbr 
sneeearive  faomoJognee  of  joiarah  ga»  may  be  prepared  by  rarteu  tf 
•clions,  and  the  higlier  mcmborw  of  the  aorica  are  ocmatituKuts  ut  thr 
petroleunu  of  enmiSfrM,  frnn  which  Ihey  can  be  mora  or  Uat  fwrfttilj 
tepnnted  by  fmctioiial  ilistillfttii>B. 

4{(7.  OleSnes.  —  Tbo  olefins  ar«  not  saturated  compoonds.  but  >i« 
eapablu  of  fixing  tiro  additiouat  nuiTiilcnt  atonis,  and  of  acting  m 
bi\-ftlmt  nidtcntii.  TIk)  firxt  member  of  llie  wries  w««  discgverod  by  aa 
dwocistion  of  Dutch  chcmiitt«  in  I79i},  who,  nntidng  its  chartctsiiitit 
pMperty  of  combining  directly  with  chlorine,  called  it  Olefiant 
luiilcin^)  CiaA,  because  the  product  of  this  union  is  a  tlikk-fli 
Itqiiiil.  Thiw  product,  lut)[;  Iciiown  aa  the  Oil  of  Ibe  Dutch  cbenisbt 
is  ethylene  chloride,  CfH^Cl^.  Etliylene  bromide  and  ethylcnt!  iodUs 
may  bo  formed  in  a  simitar  way,  and  tho  t4.'ndeiKy  to  form  cnmpauwh 
of  tbia  type  distingui^«s  this  class  of  hydrocarbons,  which  are  ciUal, 
fur  thU  reason,  (^ifina.  Moreover,  the  hydrogen  atoms  of  tbo  Unlmt 
radical  may  all  bo  replaced  by  chlorine  or  bromine,  and  the  teanltiiig 
compound  still  retain  the  same  typical  character. 

Oleftant  ^ftt  ia  moat  readily  obtained  by  heating  aloobol  with  amnl 
tunes  its  volnnie  of  stron)!  sulphuric  acid.  Tbe  leoetion  ia  aontwbat 
vomplicateil,  but  the  result  is  a  dehydration  of  tlw  alcohol,  and  Uw 
>  tSect  may  bo  produced  with  nncic  chloride  {)  233). 


c,^o-i9;o*c,ff,. 


[il5] 
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Olafiaat  gaa  combioM  dii^ctlj-,  QO<t  aoly  vritik  ehlotiob,  bromine,  etc., 
bat  b1m>  with  ttio  bj^drageo  ocitU, 

C^,+  m=CJfJ.  [416] 

Uoreover,  it  nnitn  with  hjpooUoioui  acid,  fotmiiig  a  chlotbydrinv. 

C,//,  +  /FOCT  =  {C.n^fHo.Cl  [417] 

Containing  twic«  as  much  carbon  in  the  same  Toluno,  ok6iint  giu 
bona  with  »  morv  luBuiiuufi  fiaiuu  than  marah  gati  aiul  the  Ulumiiuliag 
power  of  co«l  gu  is  <liie  in  no  iiiuoiwiiJeniblu  meuaan!  U>  it«  prwence. 
Sereial  o£  the  other  iii4mb«n  of  thin  Mirico  of  lijilrotiarboiu  aro  aldo 
id  in  the  jirixlucts  of  tiio  <lrj  distilbtion  of  couL 

456.  AofitylnoM.  —  The  molaculoa  of  tho  acotylcnoi  fiiU  short  of 
ulunlion  bjr  fi>u[  uDivolaot  ittomsi  ami  aaro  tlienefDre  qaatlnvaloab 
I-^hina,  bottvr  known  ua  uoetflene,  ths  lint  member  of  the  »«ries,  is  * 
ooOAtAHt  product  of  Iho  inooniplulo  comhustion  of  all  foima  of  hydro- 
carboD  fuel,  and  can  be  obtaiood  abandftutlf  by  ilrawuifi  itie  piudtictf 
of  oombuBtioQ  of  a  BuDseo  lamp,  buraiog  at  tlio  tiwo,  tJirotigh  a  eolt^ 
tion  oiA'jCt  ia  sqna  aiamonia.  By  this  solution  th«  auetyloa*  is 
ftb8or1)ed,  ami  the  couipouiid  C,H,ls,0  wpontes  out  in  tho  form  of 
»  white  pr«cipilal«.  When  the  wofthed  aotl  still  moist  precjpitats 
ia  next  builcd  with  hydrochloric  auid,  acetylene  gas  is  ert^ved,  and 
eblorida  of  rilvvr  reproduced,  which  if  rndinolved  hi  Bniuonia  coaj 
be  ns«d  ov«r  and  ovat  for  tho  satno  purpose.  A  KiraiW  curapouad, 
C^^Cu^O,  is  fonned  by  passing  tbo  products  of  iocAniplaU)  cam- 
bastion  through  Rn  amniijniacal  solutioa  of  Cu^CIf  This  cuproos 
eompouud  has  a  blood-red  color,  and  sen'cs  as  a  very  delicatd  t<at  of 
tbu  ptcevnci;  of  acetylene ;  and  tlie  formation  of  coiujiounds  uf  this 
typ«  IN  a  wry  clutmuUiriiitic  feutuiu  of  this  ivnci  uf  hydrooarbooi, 
vhich  contain  the  group  ■C*C: 

Acetylene  acts  as  a  bivalent  as  well  as  a  qnadrivalcut  radical. 
When  exposed  to  naitceut  byilrogcn,  each  molecule  takes  up  H^,  and 
it  cltongc*  to  otufiniit  glut  {CiH^.  It  unites  directly  with  broRiin«  to 
form  fir^t  CtUiBr^.  and  aftcnrnrds  C%lt^r,.  It  unites  also  with  UBr 
to  form  either  C^H^Br  or  CJ/^Br^.  Th«9o  reactions  can  bo  easily 
nvoTKd ;  and  since  ethylene  bromide  is  ea«ly  prepared  from  olefiant 
gas,  it  affords,  when  boiled  with  an  alcoholic  solution  of  potash,  an 
axoelleut  source  of  acetylene. 


Ctff,Br,+  2£OJI  =  2KBr  +  2B,0  +  <Sfllf 


[418] 
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459.  Mvthoda  o(  Sjntliosla. — In  «U  d«putni«Rts  of  Ummmmiv 
Mul  «ap«ciAlly  ui  OTtjaiiic  dioraUtry,  Um  procaowu  by  vliicli  tfao  tnon 
complex  and  Um  >tabk  pnxlucts  an  (anued  trom  tltoM  whicb  ne 
tJmpler  in  Mrnetun  and  tuont  pcnnanant,  bava  ■  pvculiar  interest.  At 
baa  becu  already  ahown  {}  70)i  them  i«  in  crory  obumiuaJ  change  t 
tendflDcy  to  tboae  pioducts  vImmo  fonoation  will  tlohmiiiDQ  Um  orult- 
tion  of  tb«  gicatttt  amount  of  best,  bjuI  wo  can  T«r«iw  Uiia  teaitttef 
only  by  aa  ttxjMMKlilure  of  eoeigy.  On  th«  aur&oe  of  thu  «afllt 
the  ndiant  eoeigy  of  tb«  sod  la  eonatanlly  icAng  work  of  tht>  watt, 
ud  dctomtniBg  Ui«  fonnation  of  Uuw)  oomplox  |ituducU  wbicJi  Ut 
the  raeulu  of  organic  lif".  Rncb  prududa  npnttal  a  iaij^  anousl  at 
latent  eaerfor,  and  l«nd  to  fall  bock  into  a  mora  stable  state  wbea  tb* 
energy  nappoara  aa  heat.  Of  ooime  the  node  of  action  by  which 
natter  is  tliu*  niaed  to  a  higher  i>lan«  ia  a  subject  of  the  graahat 
intemt,  and  tliia  iotereet  attaehes  to  tlio  syuthetiol  mntliuda  of 
organic  cbcmistrr  wliiuli  imitato  the  proceaset  of  natora.  With  tlu« 
methods  recent  inrralijintoTS  Itnvo  bad  woiid<lfnl  aucceM,  and  tb* 
irtifidal  production  of  such  euWaucaa  as  aliarine  Bad  lodigettM 
mast  bo  reganlod  as  among  the  grealeet  •chieretBenla  of  uudnm  to- 
•DOO.  1'he  itiulent  viU  sppremte  tli«  wondtlftil  chancter  of  thM* 
teeults  if  ho  Rifleote  that  to  build  up  a  comi^ex  molecular  atnieton  ia 
oppotitioD  to  Uio  ntomtc  fiMXMH  U  Ibo  eqtuvaleut  iu  arcliit«cttire  of  sap- 
potting  a  roof  of  rault^il  miwonry  in  oppoaitiun  to  llio  force  of  gtaiit^ 
tion,  and  implies  a  similar  skill. 

Again,  lli«  cbemiat  finds  great  intoKet  in  tomtbetitsj  p^>oema^  W 
flatue  tlicy  fumtdh  such  diiuct  indications  of  molecnlar  etractuie.  Ai 
wo  thus  proiU«d  link  by  liuk  to  oonstnict  coraplex  ptuilucts  bam 
dmple  binary  compounds,  we  ne  aUo  to  rivet  togetbor  a  ehain  of  ert 
denee  which  eetsbliahee  the  noleoular  stnctnre  of  tboeo  oonpoasdi 
with  a  very  high  degree  of  certainty. 

For  tbnm  nwaona  we  shall  give  a  Urge  nnmber  of  aynthatWl  ta- 
octions  in  tbi>  following  pagca  ;  anil  iu  tlila  section  we  giva  the  leaUil 
by  which  th«  syntbfois  of  the  hydrocarlwnd  Ilu  tieon  aflbded,  atntiig 
fiom  eJemenlaiy  substwicea  m  simple  oompounds  of  the  elsnBnla.  Tlw 
•tndent  should  seek  to  tcaoe  the  ohain  of  reasoning  fram  the  Stat.  Vi'a 
obtain  [419]  by  paanng  the  two  aetifonn  fscton  oror  ignited  oopf«, 
■lul  [t'iO]  when  a  powerful  electric  current  panes  betveea  orboa 
polea  in  an  almotiphere  of  hydrogen. 

(SO^-f  2a^-l-4Cu  =  4CuS  +  <BIBr  [419] 
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CM.  +  HBt  =  CJJ.nr. 

Rr4indiinlaa. 


[420] 
[Mil 

[4221 

[423] 

[42*] 
[4M] 


Cff^»  +  .V«,  +  CBJ  =  C/I,-  CH^  +  2  J«./. 

The  hrt  two  rmction*  ciiaMe  us  to  form  from  Iow«t  liotnologn^s 
finni  nf  n  biglior  onlor,  and  then  we  can  cdDTert  a  [lanfliuo  into 
olefitiQ  thus :  — 

C^^l  +  XOff=  XI  +  Bfi  +  C,i^.t  [486] 

liutly,  having  cotnbiiMMl  Um  olefiuo  with  Br^  vm  can  ooaTOt  it 
>  aa  acotyloiin  by  [418]. 


DBUtVATITBS  FKOM   TnK    HmitOCAKBONS. — 
CBAIM9. 


wim  opEV 


D.  Addlttoa  Piodocta,  foniwd  o&t;  from  tmratuiated  hydro- 
ons,  like  tbo  olefioes  or  tho  acetylenMk  One  molecule  of  the  hj- 
irhon  always  unites  with  twa  atoms  or  four  atoDu  of  the  radical 
ilcd ;  ii«vcr  with  oii«  atom.  It  b  eapedally  the  atoms  of  the  dilorina 
oap  of  elemojitii,  or  thmr  hy<lrot,-on  acids,  whtch  may  La  tlius  added. 

[427] 
[428] 


IU>Cff,+  Br^  =  SrH.(H)Il,Br. 
B.O-CHt-¥  nBr=  /r,OCff,Hr. 


;  other  eompoanils  may  abo  be  taken. 


B,C-Cfft+ffOCI' 


[m\ 


D]K)unda  thus  mntting  are  identical  with  tho  oomsponding  cam- 
unds  fomKNl  l>y  rabatitution,  as  shovn  in  the  next  bmHoil 
4RI.  BabsUtutlon  Prodnota.  The  hydtog«ii  atoms  of  the  hydro- 
rboim  mny  hf.  rrp!ac<^c}  by  various  radicals,  lioth  simple  and  oonpomidi 
1,  oven  when  not  thui  actually  forniMl,  we  (an  beat  ofaHaiiy  tin  great 
'  variety  of  organic  piodacta  on  the  basis  of  this  assumed  derivation. 

•  For  thr  fonMtion  Clltl,  tXt.,  tw  [430],  beyond. 
t  CUtf,  andcT  the  sune  coaditwni.  ^tw  tuetbyl  kiMhoI,  Cff,0-B, 

» 
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Bnbstltntlon  of  Chlorine,  Bromine,  etc 

Safaatitution  may  1m>  kITikUiI  by  Um  direct  aetba  of  ckloriiKs  bnoilMh 
W  iodiiw  (wmpiini  {  30). 

[480] 


CA^+  Clt  =  C^H£l+mi 


W»  tliiM  obtain  compoaii(1«  of  th«  baloiib  wiUi  the  ndiedii 
eUijI,  ete.,  lUiMuly  dncrihnl  {I  &^).    Such  oonpoundit,  hawevw,  i 
uauoUy  toade  by  the  action  of  tbo  haloid  acids  oa  the  alcobola. 

ElhjUc'AUoluil. 

Tho  nnivAlont  radicals  jtiftt  rofoiTcd  to  nn^  fntqupiitly  calleil  tJkfl 
mdicals  and  liioae  which  contain  mora  tlun  tvo  atoms  of  eatbuQ  tn^j 
have  isomeric  fonus ;  Ihu  iltffereiicw  hetireeu  which  dciNnd,  not 
on  the  grouping  of  the  ntonu  of  ibo  csibou  nucleus,  but  alto  oa  I 
pocition  of  tho  oimjii  twnd.    Tliiu :  — 

Methyl,  Cl/f  No  iBomem. 
Kthyl,  C,Jr,  No  isotnen. 
Projiyl.  <7s//,     Two  iMiuen, — 

Butyl,  C,t/f      Pour  isomers,  — 


[131] 
[4»1 


These  names  nro  imi^ortant,  and  viU  ne]>p«ar  in  tbe  variotu  coa- 
pounds  of  these  radicals.  Jiy  adding  an  atom  of  chlorine  at  the  opa 
bond,  we  obtain  in  eacli  caaa  the  symbols  of  tbe  diluridn  of  ths 
Mwenl  iioDicrifl  forms,  In  thew  oompounds  oae  only  nf  tbe  bydnf«u 
•lonw  of  the  hydrocarbon  moletnle  has  beam  ivpUoed  ;  lint  Iiy  oOD- 
Uaatng  the  action  of  the  halogon,  tho  remaining  atoou  may  be  rtpIaeeJ 
either  wholly  or  in  part,  and  tho  ponibUJtiea  of  bonerism  in  (hi 
icaalting  {irvducts  becomn  on  interesting  subject  of  study.  TliB^vhai 
two  atoDiB  of  hydru^u  have  been  lepboed  by  chlonne^  w«  have 
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C|//|C7t    No  iaomsn: 
C  Ht  ^'*    "^o  uomeM,  — 
OH.-CJiCl^ 

Q^C/,    Four  Uoma^  — 
CH,-CH,CHCk 


CH,ChOBtOt 


cfffCffci- effect 

CB,Ol-CIJ,CJI,Cl 


l««J 


[434] 


Subttitntloa  oi  Oxrgoti  RAdlcaU. 
Beplocing  one  atom  of  hjrdrogan  by  Ho^  wa  obuin  AlwkoU.    Thai, 
eye    give*    C,H,ao. 

oplacing  by  Ho  two  of  the  atoms  of  hydrogen,  which  are  not  niiit«(l 
<  the  same  cDibon  ntom,  in  obtain  Glgwit.    Thus, 

three  ntoiuK  of  hyilrogeo,  noited  to  thn«  dutinct  catboD  atoms,  arc 
ch  nplaced  by  Ho,  we  obtain  ^(xnW*.     Thaa, 

CBiCHiOH^    givea    HoCIIiHoCHHoCU,  [436] 

npminds  with  :fli),,  ^,1  and  /^  in  pbco  of  a  coiTMpoiiding  num- 

'  of  hydn)j^»  atoms,  have  been  tecogntiKd. 

If  w«  r«phM  two  hydrogen  atomn  tuiitcil  to  tlia  nmo  carbon  atom 
by  Bit,  Ihe  coutignona  liydioxyl  grotipa  react  on  each  othrr.  A  alolt^ 
cnle  of  wat«r  is  formed,  and  tlie  resall  ta  «  sabetitution  in  tlw  hydro- 
QHrboiii  of  oxygen.  If  thia  aubatilution  takea  plxw  at  tlie  end  of  tbo 
chain,  thq  product  U  an  Aldthifde;  if  iu  iho  middle  of  the  i^bain,  the 
product  is  n  K(bMt. 

C/f,'Cff,    girw     CU{CH.Hot=  CH.-OO.B ■¥  Hfi         [4371 

CB,CH,CH,    givee     CH^CBofCH,=  GH,COCSh^- B^O    [4381 

If  iri>  n^)tncc  three  ItydrogCD  atorat  oniteil  tn  tbo  mido  carbon  atomn 
by  &,  a  eimilar  aetioii  nstiltA,  nnd  an  acid  U  formed  as 

CBt-C'Bo^  =Bfi+  CBi^CO-ffo  =>  Hfi  +  CH^OO-OH. 


_        a.ixj; 


::<Lr.  - 


-iri.i<;r. 
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l(t  Stage,     Cn,-CH,(yH+0  =  CBiCO-n+BtO.    1444] 
M  Stage,      Cff^COH+  O  =  CffiCO-0-H.  [445] 

4G4.   S«eond«TT  AlcoboU.  —  ThcM  oxe  not  poaiible  with  l«u  than 
Ifarec  atoms  of  carbon  iu  the  molecule.     Examplot  are 


ICIIX'ClfO-H 

bnpisnl  Atasfeal. 


CH^C-H^CHOH  [446] 

inntor  Burl  AkelDl. 


I 


Tb«]r  COD  lie  maiie  from  comiBpon<]ing  iodides  or  suIphnhM  bj^  the  wmo 
tsMBtionsuprimiiTy  alcohols  [439,  440,  442>and  443}     rh«rc>&*lw 
b«  pmpariMl  rroQi  kctoiMt  hf  tli«  ooluin  of  nascent  liydrogeo. 

( CJy.V  CO^H,  =  {CH,\'CH-0-H  (447] 

As  the  pnmitry  alcoliola  gire  aldehydes,  ao  the  eoco&iiurj  oloohob 
give  Icetooes,  oa  the  Tint  stage  of  tholr  oxidation. 


wff;)iCifair+  o  =  {cs^,'00 + b,o. 


[448] 


When  ftirther  oxiilizod  the  ketone  ■pUUi  up  and  y'vAAi  o&o  or  more 
prodacta  whose  molcuiilcs  contain  n  IcJW  number  of  oirbon  atiliDa. 

ICH.\'00+AO=  CffrraO-ff+  ff'CO-O-H         [449] 

bfiac  JUMW  Acu  rsnoM  AOi. 

4&5.    Teitlaiy  Aloohola.  —  Thu«*  an  not  pOMible  with  leas  than 
four  carbon  atoms  in  tbo  molocule.     For  cxampin,  ~- 


{CH,)^'0-0-H,    Tertiary  Butyl  Alcohol 


[4501 


'  They  mny  bo  prcipnmd  from  the  comosponding  iodides  or  sulphates  by 
reactions  [439,  440.  442,  and  443].     When  oxidiwd  they  Split  np  at 

I  ouoe  into  acids  vith  a  loss  numbei  of  carbon  atoms  in  the  molecule. 
HiiTiw  l)ie  Lhreo  cbuuca  of  alcohuls  are  ditilin)tuLtlied  by  tbu  prodncta 
they  yi^ld  whi-n  oxidixi^l.  The  following  charnctnristic:;,  howovrr,  are 
common  to  nil  the  nlcobols.     \Vfaon  acted  on  by  tbo  haloid  acid,  Ho 

,  is  repUc«d  by  CI,  Br,  or  /. 

C//,-ff>  +  /ZBr  =  Cnjir  +  ff  0  [4S1] 

'When  Ht  is  used  in  excess,  Ho  is  raplaced  by  U. 

CS^ih  +  2 ///  =  CH,I+HI+HtO  =  CH^+H,0  +  /,.  [452] 
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Tbe  ffm  R-O-Snoiy  be  r^tlaoed  bjr  aedd  mdicals,  aa  in 


CJJ^OKO. 


""^ji^J^fi  \^ 


TTio  11  in  ff-  0-ff  may  al*)  be  wplapinl  by  liydnearlmn  ndkaK  clfe 
the  same  lu  thitt  with  irbicb  tho  liy droxyl  in  coutbinei,  or  a  iKIftnc 
one;  as  in 

Tbo  Zf  ia  R'0-Hauxy  bv  rcploood  by  «n  nlkatiuo  motaL 

-  It  tiltu  sppcnra  that  tlio  alcobob  act  boitli  m  acid  hydmtM  lawll 
the  ftlk«tlae  metals,  and  ns  bosic  hydrates  towards  iJmi  arid  adiak 
In  both  reUtioika  they  manifest  t  w«ak  polarity,  aimI  tbnr  nnRtto^ 
actcn.->tlc  fi-atUK  U  that  of  s  wosk  boae.  Tho  nUtions  of  tbe  ikM 
noil  othrnt  t<i  miituUic  byibatcs  aud  oxides  Ihitq  ulicady  b>;a  bdlf 
discuMcrd  (§  41). 

466.  STomaDclatar*.  —  The  nnmcimis  compkx  modiSatim  if 
atractuK  which  have  beoo  observed  among  the  olciihols  has  M  Id  Ik 
general  adoption  of  a  pocaliai  notnonckturo  c^)al>I«  of  dvnguaiiiir  Oi 
different  vutietio*.  TImi  groap  '0-0-ff,  chancLoriattc  of  all  tK^b 
hns  hi'Ciii  ralliNl  carbinol.  aud  the  varioua  alcotinla  an  atllnd  ddffnti 
kinds  of  c«rbiDol  according  to  tlM  natura  of  tho  nuli«l>  added  to  tb 
group  to  coiuplt-te  the  mojccule^  not  duui^coatinK-  bixrever.  Hie  u(k 
atomx  of  hydrutr«n.  Thus  trtiuvlhyl  mrbiool  {f'ff,}^'C-Offa  »  i* 
tiary  alcoho! ;  fltbyl  methyl  oirbinol,  C/r^Cfff^,JfiC-Off,  ia  a  Kcd 
ory  alcohol ;  and  isobutyl  carbinol,  a  primaiy  ak-obul,  may  be  «iAta 
fi.ffg*  C-OIl.  in  which  /f stands  for  isobutyl  harini;  tho  Uructun  gm 
«U  pngis  562. 

407.  Unaatorat«<I  Aloohola.  —  AlcuboU  may  bo  furnw)  by  nl*' 
tnting  flo  for  If  in  tbo  moltmtloa  of  tho  uuMituratod  bTdnieuli^ 
(§$  457  and  458),  And  the  product  ba*  tlM  relatioiu  both  of  an  bHM 
and  of  an  unsaturated  moI»euI&    A  good  examplu  is 

(CU^-CnyCHiO-H,  Allyl  Akoh^d. 

468.    Glycols  and  OlrcvrinM  illustnte  tfan  aants  prineinlra  s  te 
aloohola,  which  tbt^y  lueemble  in  tbatr  .lelatioos,  only  thaw  m»  w* 
oomplrx.    Tlio  uly*:"!!!  contain  £IC>^,  and  a»  diatomic  comiHWBik  tm 
^glycorino*  contain  Ha^,  and  nm  triaUHiik  campouDda  ({  43). 


*7Ci] 


ALDEHVDES.  —  KETONES. 


507 


469.  Aldebydm  can  tbMMtle&Uy  V  made  by  nplarifi^'^aii  tha 
D4  cnrbon  iU'ia  of  a  liylriicikiboii  by  O  ['I37j.     rinclii:«lljr  Uiejr  aro 
prepanKi  by  tho  oxiiUtion  of  thi^  [inmnr^-  nlwhola  [444],  and  form  aii 
Btenuediatii  stage  bctwoon  tho  alcoliot  tuid  the  coTTMponiliQe  &t  add. 
elic  aldehydcv  tbo  beet  known  and  most  iiupoiUnt  of  th«ae  bodies, 
in  be  uudu  by  heating  togelliur  k  mixturo  of  calcio  )u»>Ut«  and  colob 
■formintiv 

Giku  AHCiiK  nine  FgnuM. 


2 Ca-Ot-CO  +  3  CHcCOn.    ri5G] 

'  k  ilmtlar  Kuction  other  aldehydea  may  be  formed.    Thu  aldehydoc 
I  ndncing  agents.     Campara  [44S}. 

C//,-CO^+  Ji?,0  =  €IT,COOn+A9t  [457] 

FtHUoent  hydrogen  tli^  an  changed  to  aloohoU  [441].  Th«  0  of 
1  aUkbyde  moleculo  can  be  nplaocd  by  C'l  oa  iu  uUiyli'lcui!  clilond*^ 
?C/,ffi  'n«iiildoliyde«lendto"i»lj'meriiw,"ft»in  C;A^(?„  which 
I  obriniuly  a  polymeric  form  of  fortnyl  akWhydo,  Cff^O,  Tlicy  also 
,  charactcrUtic  addition  products^ 


1438] 
[459] 

[m] 


cff,co/f+ircjf=  cH,-c/i'ffo,cy. 

•  exauploa  of  addition  products  ara 

Cfficmoc^x,     Kid     ca,-cffio-c,ff,o)^  [46n 

or  the  euhfcliimiun  product*  of  tbo  aldpliydMi  Ibu  inrwt  jioportant  is 
hlonl,  CCl^C'O.If,  from  whidi  bj  thaaddilioo  pf  W4it«r  is  d«riir«d 
Idoral  hydrat«,  CCI^C/f.l^ 

470.   Ketone*. — Tbo  relation   of  th'Me  hoAwt  to  the  secondary 
Jcoholn  hox  tdrtady  bMn  BtAt«d  { j  464).     Tlio  most  iiuportant  of  tlio 
ones  i«  oobtone  {CH^CO,  and  the  pr«M]ioe  of  the  radical  'CO  con- 
ned by  both  ita  bomU  with  alkyl  ndicala  b  tlie  most  cliamctcrtstic 
atore  of  their  molecular  slracLuro.     Aoetono  may  be  prepared  by  tlie 
'  didtilktion  of  eaUac  aootate. 


6&8 


ACIM. 


Um. 


Also  by  Uie  action  of  bim  m«tbyl  on  acetyl  clUorida. 

Tbo  nUUon  of  tho  kotaacii  to  the  oliielijtlea  wkj  Iboa  be  sbovn : — 


CH^CO-H 


GBiCO-CH^ 


\m 


When  OD  ortdaiaon  a  ketone  uoleeule  brealu  op,  tlw  tarbon  alonu 
an  dlrided  between  Uw  two  aeid  moleciilai  tkus  Conned  ae  even)/ 
upoenblet 

CH(CO-cjr,  giT«  iciiiCO-o-H. 

CJiiCO-C^ff,    gi\m     CHiOO-OH    and     C^^CO-0-B. 

Bjr  partial  rcduclioii  kutones  gire  oeoondar;  gljrcola  eaUed  PinakoBM^ 
two  moleculce  of  tbe  ketone  cooloMuig  to  (una  Uie  motoeule  o(  tbt 
pinakoae^ 


WitMtnw  from  tbc  pinakonee  a  udaaule  of  water,  anil  we  obtafa 
anotlier  clatn  of  coin|>ouni]ii  called  PinakoUnee,  wliiob  an  abnplf 
kctoDM  of  n  hi^liur  onler. 


Aolda. 

471.  Oenenil  Relatlona.  —  Tbc  eMef  featon  in  tbo  structtm- 
an  aci4  molecule  ie  tbo  group  •COO'//(carbox;l),  and,  as  bos  been 
diiown,  tbe  basicity  of  tli«  acid  dqiends  oq  tbe  number  of  tlMwe  gnxip 
pteeent  (j{  H  and  443).  Aeida  may  be  fonned  by  tbe  oxiJatj<«  of 
an  alooliol,  an  aldebyde,  or  a  ketone,  ae  already  aliown.  Tfaty  aaf 
abo  be  produced  by  the  action  of  au  a«!d  or  an  alkali  on  a  nitriU 
S  321). 


Sj  tbe  action  of  PCf^  ($  511)  tbe  Ho  in  carbosyl  can  Im  ivphcad 
by  chlorine. 

cn.-co-  fk + pct.  =  cff-  orwi + pocl  +  act      [ws] 


1 
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Watar  changes  the  chloride  back  to  the  acid. 

CHi  CO-Cl  +  &0-H  =  Cff,-  CO<hff+  BCL  [469] 

The  S>  of  carbozyl  may  also  be  replaced  by  NBi  (§  319). 
CHi  COCl  +  NH,  =  CHi  CO-NS^  +  HCl. 


The  ^of  carboxyl  ia  very  readily  replaced  by  metallic  radicals,  and 
thus  result  the  salts  whose  ready  production  is  the  chief  characteristic 
of  &a  acid. 

H-OiCO-CH^)  +  Na-0-H=  Na<h{CO-CB^  +  H-O-H.    [470] 

The  H  of  carboxyl  may  also  be  replaced  by  alkyl  radicals,  and  thus 
result  compound  ethen  [453]. 

NarO-iCOOH.)  +  C.H,Cl  =  CJI.-0-{CO-Cm  +  NaCl.    [471] 

SodK  Acann.  EUirlie  CUsiMl  Eibjllt  Ahmb. 

Cl-00-CH^-\-C^fO-H=C^^-0-{CO-CHi)-\-HCL      [472] 

The  ^  of  carboxyl  may  be  replaced  by  an  acid  radical,  and  thiu 
result  acid  anhydrides  ($  42). 

Na-O-{GO-CH^  +  {CHiC0yCl  =  {03,-00)^0  + Nad.    [473] 

Lastly,  the  hydrogen  atoms  of  the  hydrocarbon  radical  may  bo  re- 
placed aa  in  the  chloracetic  acids  described  in  g  30. 

ClaaattB  of  Aoida. 

472.  Uonobaalo  Aolda  contain  one  carboxyl  gronp.  The  most 
important  fomily  is  that  of  the  fat  acids,  which  makes  a  long  series 
corresponding  to  the  primary  alcohols  (§  41),  and  are  capable  of  the 
same  isomerism  as  the  alcohols.  The  formation  of  the  fat  acids  by 
the  oxidation  of  the  corresponding  alcohol  is  illustrated  by  [444  and 
445].  They  may  also  be  formed  from  the  cyanides  of  the  alcohol 
radicals,  and  the  method  is  intereating  as  indicating  their  molecular 
stnicture. 

HON  +ffCl+2ff,0  =  NR.CI  +  ff  com.  [474] 

FurniJg  AcM. 

as,  CN+  SCl+2J^0  =  NH.Cl  +  C.H-  CO-Ho.       [475] 

>ie(iUBM  Aim. 


snr 


CLASSES  or  ACIDS. 


H«nL 


TboiMid  nuf  boooovert«d  into  the  «onwponiltng  ilooholtliin: — 

Cff,CO-ff+  U^  =  C^^;^^  I«7] 

Tlie  poUsAic  sail  of  tlie  a«l<I  b  finit  dutillei]  with  potSMJe  (onut^ 
aD<)  iho  alili'tiyile  lliiu  obuinud  tnuuformed  into  ktoohol  with  nMoml 
b}-iliMgoa.  Sttu^iiig  DOW  vrilb  olbjrlic  klmhol,  w«  can  oonveit  it  iaia 
etbylic  cyanide  thiu :  — 

•nd  then  by  [475]  wo  con  piwlooe  propionic  add.  From  I'roj^iMiw 
ftcitt,  by  [17C  and  477].  we  can  obtain  jiropylio  aleohoL  Tbua  w»  aia 
sble  to  jxuH  from  ouo  fat  add  to  the  next,  and  fVom  one  tUcgbo]  to  tho 
next;  and  «inco  funoio  acid  can  be  made  directly  fruni  iu  <>lra*aU 
[361],  tbo  syntbosiii  of  tUiif  whole  clue  of  oi^^iDio  compounds  is  \hmf 
letically  posdiblo. 

Our  gonentl  tboor>'  that  tbo  nioI«cul«a  of  tbo  monotNisic  acids  coih 
ust  of  carboxyl  united  lo  tho  atky]  radicals,  ta  Goii6niied  by  the  ltd 
that  Bodic  acetate  may  be  formed  by  tbe  direct  anion  of  00,  with 
•odb  nietliido. 

( Cff^ya  +  CO,  =!  Cif,  CO-Oifo.  [4M] 

Whoii  tbo  bytlroraubon  nulical  of  on  acid  i*  an  UDMtnratod  hydro- 
carbon, the  acid  has  the  n)Ution«  of  an  ni«aiimt<>d  compoand,  befiidw 
the  relatUma  of  an  acid,  Acrylic  acid,  (^ff^O,,  is  a  monobasic  add  d 
thia  oUm.  ITntkT  tbe  influence  of  naaoeut  hydrogen,  acrylic  add 
cfaangM  into  propionic  add,  and  wbuii  acted  ou  by  bromino  it  yiridi  a 
nniple  derivative  of  the  aame  compound. 

H(HCOCH'CffA^HS=If<HCO  Cjrx 


i 


BOiCO-CH-CH^  +  BfBr  =  J^OHCOC^ff^J. 

Acrylic  acid  ia  the  ftrrt  of  an  homologous  Bcriw,  tho  DHnoben  of  w\SA.\ 
■uatain  aimitar  lelsticoM,  but  only  a  fi»w  of  tbem  bare  been  ini 
gated. 

473.  IMbaalo  Aolda  coiiUiin  two  carboxyl  gronpa,  but  in  the  I 
cule  of  caibonic  acid,  ifO-CO-OH,  which  ia  Uw  aiutplast  of 
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coInl>o1IBd^  one  atom  at  mrbonyl  (00)  ia  dirid«d  between  two  Bit 
groups,  ntiul  the  polnrixing  powirr  of  ihtfi  Ridicul  la  as  it  wora  alao 
dividod.  Tho  relations  of  cnrbonw  noid  luiro  nlniiuljr  bc«o  studied 
(S  HO).  Its  aniide,  CO-{A'H^,  m  tho  iraportiuit  aniuud  «ocnTiioit 
Uma  or  Carbamide,  and  tli«  lialfMuaide  or  )itnid«  ncid  HO-CO-Sfft, 
c:il!i--d  Ci>rl>;iiuic  Oioid,  (oTim  eth«n  called  Urethnnm,  for  c>xani]>l(s 
Cj/f^-O-OO-.y/ff  Tlia  KladoDs  ot  these  compounda  have  alnandjr 
bc«D  dvtcrilwd  (S  319). 

In  oxfllic  acid,  which  haa  abo  been  deicTibed  (f  44S),  we  find  tlte 
relatioiu  of  a  dibasic  acid  fully  devolopod.  The  moleenles  of  this  acid 
may  be  regarded  as  fomod  by  the  union  of  tw«  carboxyl  giwi[u,  aiid 
this  i»  th<^  firat  of  a  series  of  homologues  whoso  relation  to  each  other 
•nd  to  tliu  mnii<ri))uaiD  add  is  exhibited  by  tlie  following  tahla ;  — 


B-Oioo-aoyo-H 
noico-cff.coyOB 


ff-o-(coa) 

Fonnli  mU. 

/rOf(70r«)     [482] 

lhO(noc-,ff;) 


In  these  compounds  isomemm  may  remit  dther  JWim  ditTerence  of 
■tnicture  in  the  hydrocarbons,  or  from  the  position  of  the  caiboxyl 
{roups.    Thus  wc  may  have 


(ff-o-cO)Cff,cffi{oo-o-m 

SuMnle  iiM. 


CiJ,-CmCO-0-mt    [483] 


The  unhydridifofMiccintQ'fiiiWoii'^mVil  C^;(CO)t-0. 

ThcTo  am  two  romnrkalua  uoninic  groups  of  vawturaitd  dibnsio 
acids  formed  of  ansatunttcd  bydi:oc«ibon  radicals,  like  the  unsatunitai 
monobasic  acids  aboro ;  and  the  study  of  th««a  isom«ric  bodies  hno  i 
fecial  interest,  bocausa  they  appear  to  indicate  tluit  tJie  atoms  of  <«f 
boQ  may  be  at  times  bivattiut.  Tlio  fint  gnnip  comtistK  of  two  bodies, 
Fumiiric  mid  Mnluic  tti-'iiU,  both  of  which  ha^-n  llin  cmpirii^I  Hynibol 
C^Bfi^,  uiid  the  sct-find  group  of  thteo  boilicf,  Itncunic,  Citntnonie, 
and  Mriutronic  acids,  all  of  which  bsve  lh«  empiric&l  symbol  C^H^O^, 
and  arc  th«reforo  the  homologuea  of  the  first. 

The  muK-ctilar  airucluie  usually  assigned  to  these  oompounda  of  the 
lint  group  b  Uiown  by  the  symbols 

[48*] 


H-  0-  CO-  Clh  Cll  CO-  0-S 

Fiiurlc  JUU, 


IHhCO-CHfC-CO^O-U 
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The  choice  of  sTBibok  Tor  funaria  and  maJeieuids  fsHmitad  Ijtla 
fact  tint  wlteo  acW  OD  \>y  luucvJit  liydrugun  ihty  Ixith  givn  mocuM 
witl,  FurtheraoK,  both  acid*  oouInim  diiectl}-  with  two  ntom*  <4 
brouitift,  uid  thouf^  Uw  iiit«naod«it«  |>foduc-l«  of  this  unlm  am 
diffecmtt,  jvt  huUi  bromu-  aud  uobtomo^uodnic  ■ciiia  yield  tha  mim 
aucdaiG  add  whoa  Uw  bromiue  u  nplaoed  b;  hydivgdn.  TIh  tnaooi 
gtaeai  vjiabiA  is  capable  of  do  lea*  than  ele?«n  vatutioin,  aad  Um 
BlrucUiKt  of  the  Ihrce  known  acids  caiinot  with  oertuiit)-  ba  dolvtaiiwd 
in  all  tUt  dcUiln ;  but  it  eeonu  to  involve  the  auno  footun  to  that  om 
of  iIm  corWn  utoius  of  the  Ducleui  la  bivnloot 

Mnlic  add,  which  ia  tlie  ndd  priocipLo  of  aoow  fruits,  diOra  &«■ 
Ualeic  acid  only  by  oimi  iDolocitle  of  water. 

471.  Ttibaato  Add.  —  Ky  mxtonqg  ODa  noleeule  uf  wator  fioa 
citric  Bci<l,  the  weli-ktiown  acid  phDciplv  of  the  U'Dinn,  wo  ohUin  ito- 
nitio  add,  wliicli  U  an  uniatunted  trilMuic  ndd,  iu>d  baa  {HO-CO}^. 

475.  Alo^tol  Aclda.  —  It  has  almid;  boon  abown  that,  white  tW 
atoisk'ily  of  an  oipioic  acid  d^>eiid8  on  tlie  nninlRtr  uf  lijdrajl 
gn>u]w,  Die  bonidty  depends  on  tbo  uumb«rof  carboxyl  gruupa,  «o  UsI 
tha  fine  Bi4]r  be  greater  than  tlra  hut.  Aoida  wbuac  atomidly  ia  lim 
graatci  Ibaa  the  baddty  may  be  called  aleobolie  aoiiU,  and  Uw  two 
doaac*  of  replaoeable  hydro(;BQ  atoms  ai«  disUngntsbctl  as  baae  aai 
aloohotie  hydrogen  (conpan;  $  44). 
The  following  closmw  of  alcohol  adds  may  bo  notioed :  — 
1st,  Diatomic  and  Monobaac  To  this  clasa  belonga  glyaolic  acU, 
B-0-C<yCBfO-B.  which  is  a  pfodu<4  of  tli«  uxidjitton  of  glynL 
Hoaio1of[oiia  with  ^rcolic  acid  t«  tli«  wcU-kitown  Uctic  add,  which  bia 
two  i«oincTic  conditions  (compare  J  43). 

[4«1 


a-o-c(ycH,cn,OH 


B-0-COlloCIfCH. 

Low  acl4- 


LacUe  add  praponid  from  milk  has  tbo  second  form,  and  atill  a 
thiid  coDdition  of  this  add  is  known,  tiaring  sppar^Dtlj  tha  naa 
structura  as  tlte  hut,  but  dilTeriug  in  physical  |ir>ipoitMs  (pkyifcal 
isoinorisai).  Adds  of  this  cUm  may  tana  many  aoliydrid«^  eithcf  bf 
the  uninn  of  two  mcdoooloa,  or  hj  the  rtiplooemc-ut  of  l)i«  twu  hydmji 
gronpa  of  on*  raolocute  by  an  atom  of  oxygen,  whii-h  ihus  Cunaa  an 
■dditiousl  link  botwean  two  patts  of  this  mofeciUe.     Thiu, 
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B0-CO-/t'C/fCJL~JL0=0C'CffCff. 


[486] 


[487] 


(489] 


Triatoniic  aod  Dibasic    Exanipln  of  cucli  on 

T«rtK.nic  Add,      ffo-camcffco-o-ff 

MaLio  Acid,  UOC01foCIfCIf,CO-0-ff 

Tetratomic  and  Dibadc.     Tbe  best  kim»-ii  nxiimple  u 

Tartaric  Acid,        JI^0-Ca//oC//Jt>CIfCOOff 

^b.0  mrnniknhk  plijr«i<»l  isoiDorimn  of  this  eobatonco  1ms  winaiAj  b«eii 
doBcribod  ($  116),  nnd  in  $  44  we  hare  given  tho  ijiultola  of  tbo 
nlta  of  taitaric  Mad  wlucb  beat  illiutntA  tbe  rcktiou  of  its  bosidt/  to 
ill  aUimicity. 

Ith.  Tvlmtomic  sad  Tribosic.     IleTo  bdoogt 

Citric  Acid.     Z^0-(?0-C/l;-<tf0•(7■(70•0-if)■C^>O/^    [490] 

176.  Aldebyde  and  K«toa»  A«lds. — ThoM  cxbthil  ■  peciilinr 
I  of  stturliiru,  in  which  atom*  of  hydrogen  or  of  nlkyl  ndicols  nro 
tly  unit«d  to  cnrbonjrl,  as  in  Iho  molecules  of  the  ketones  and 

EtydtA    As  i?xamplos  we  may  cite 
IX 


ipan  pyniric  acid  with  oxalic  tcid,  and  Ibo  acid  of  tho  com- 
pOUBd  etber  with  audaoic  acid  [48S]. 

ButMtttutloD  of  SolphTu  Radioata. 

477.  Bnlphor  Coroponnd*.-~TlMee  compounds  conespODd  vory 
closely  lo  l)ii^  otygrn  ciiinjiounds  wo  luvc  ju^t  studied,  an  is  shown 
Tbj  tbe  foUowing  toMo^  in  whkh  tho  daibcs  and  lyinbols  of  the  two 
are  side  by  sidai. 

Cn^On  Methyl  Mareaplai),  C7/,*// 

C//.  con  Sulpbaldehyde,  Cll^CSU 

Cl!,-C a <ya  ThkceUc  AciJ,  CHiCOSB 

CHiOClh  Methyl  guliJade,  CH»»CHt. 


tfetbyl  Alcohol, 
Aeetic  Aldehyde, 
Acetic  Acid, 
Mistbyl  EUier, 


Certain  differences,  howorer,  are  to  be  Dot«c!. 
an  more  ac»d  than  tbe  alcobolB.    Thus, 


lA.  Tbo  mcTcaptaas 


tuaj  ba  repgU  t 
kffi'nVB  aSoas  uf  tn^  ■  ■■ 

Iff  U.  f.&>l.  JV-^.  A^  „ .?.  hift, 
•dnati^  In  atodied  m  nfaia)  M  l» 
b«i  it  by  TBpbdng  one  «  av^ 
tba  IiTAdi^  jlMH  of  m  ka^  or  of  aennl  nudaculn  of  wvn^ 
naent  fcyJw^rtnB  n^iak.  From  tiib  poiiU  of  rjrir  Uut  I* 
almdr  Imm  rtvBid  in  ai  g(M»  detail  u  u  poMiLU.  in  it)u«i^k.M: 
tite  itadcBt  M  adTued  to  ictriaw  ia  tUk  onnnectiun  {{  Sl't-HT.a 
oBikr  to  iadode  tbaae  oonpoands  hi  tba  g^tuml  adiaaart^" 
Lbv*  a(k^4«d  (br  daMUyiaK  orpuik  prodnct*. 

479.  CyanocaB,  tba  CyanldM.  tba  C7an«taa.  eto^  naf,  ft* 
nmilar  way,  l«  regwJcd  m  formed  by  ibo  wulwtiliitino  r^  «*»' 
nllngen,  acting  cither  aa  triraleot  or  quiniiuii-akm  mluali  i" 
conaajwniling  nnmlxc  of  atoms  of  byiiro}tT>n  ;  but  tbaaa  podirt  ■ 
beat  sto'lied  aa  com|)oaDila  of  the  wdl-rmrked  and  highhdw&d' 
idio  radteal  inranof;«D.  From  thu  |x>tiit  of  view  tbe  iKini  taf^m 
of  tlMnn  Imt«  alreaily  boon  doacnbt.'d,  and  a  r«viaw  of  f  f  (It  b  & 
irill  enable  tbe  Ktaddtl  to  aangn  thorn  tlibir  proiNsr  plan  ia  tb )» 
cDt  achoiuc     Wo  odd  hete  »  few  nactjoaa  wbicb  indiota  tb  (b* 
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•aco  of  two  different  radicals,  ia  one  of  wlii«h  niltogBii  U  trivalent 
aod  ia  tlut  oihvt  ijuiii'juivoleut,  tltat  is,  -C^Ntod  (XV-. 

Compare  with  tbwo 

Cit-;w + 2ir,o  =  r//.  iV/r,  +  hco-o-h.        [4981 

In  tnethTlamine  the  methyl  group  ia  uodoubteiUy  attochwl  to  a 
oitngen  atom,  vrliile  ia  acetic  acid  it  is  as  unduuUudly  uDit*>d  to 
a  carbon  atom.  Uonce,  rawoniiiy  back,  wo  oonclude  Uutt  tbe  same 
rektioDit  must  obtain  in  tko  two  iaonwrio  ptoducta  of  [497]  and  \i9h\ 
and,  if  *o,  the  abovo  concluKinii  in  Tc^ipinl  tu  thi'  two  Dodificatlona  of 
e]r«n<igen  nt  ouc«  follows.  Ilciioo,  tlicro  miut  b«  two  t]iodi6oationa 
of  hydrocyanic  acid,  namely,  IfC^N  and  IfN^C,  and  the  two  appoar 
to  be  luixeil  in  the  coiuuiod  add.  A  similar  uomerim)  appears  iu  the 
fljaimt«H  mill  tiulpliocyanates.  Wo  have  already  dewribed  tli«  potumo 
oyanatvu  and  KulpliocyaDatnt  (§$  131  and  422);  but  tbo  laoal  liitorHt- 
ing  nonijmiindii  of  thix  clnmarr  t)in«o  of  tho  nlkyl  nulicuU,  tlui  Dthcn 
80  catlod,  nnd  the  invMtii^tion  of  the-  many  wondcrfii)  tronsTormntioDiS 
of  which  t]k4«e  bodips  aro  8U8c«ptilile  waa  one  of  the  most  important 
stepa  in  the  progroaa  of  organic  elicniialry. 

From  potasBic  cyauate,  prepared  by  [409^  we  obtain  iaocyanic  ether 
by  tbe  following  reaction : — 


KOCN + K.c,/T.-o,-so,  =  jfyo^so, + ( c,ioocy. 

Ci»npare  now 

HOCN+  '2K'0-H=  K,-0^'CO  +  ff,ff.H'y. 


Soobo 


(Qff,)0Cy  +  2K'0-JI=  K\-0.'CO+  H,HM,ff>'if- 

IMhjlTnLfif- 
AttOt  Add.  lU^UKtualik. 


[4W] 

[500] 
[501] 

[502] 
[«0»] 
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On  the  other  band,  bjr  acting  on  scxlic  tthylato  with  cblorida  ct 
cyanogen^  wo  obtain  au  iaxanex  of  isoejuuc  ctbor,  vbich  nutoiiu  ra; 
diiHercut  rekliuui, 


uwl  tbcn. 


y<tOC.H.  +  CNCt  =  Nad  +  (C.H,)  OCX, 


tCJf^OCN+  2  K-0-H+  H.0  =  C,ff,0-ff+  KfiO,  +  XU,. 

When  now  wo  itn&lyio  th<»s  nutions,  it  ia  rjtii:«  firidcnt  that  t)w 
two  isomers  liave  the  etractun  indicated  by  Uw  following  s/mbols  :— 


o-c-s'c.n. 


N-COC,R. 


'•iUtiklngli  in  tliese  syraboln  no  ili(rmn<rc  ii[>p«an  in  tbn  qtnnti- 
«SSl£Kf  y,  j-Dt  it  will  bo  uoticMl  tliAl  \\w  OMOciation*  of  thd  alkjl 
mditnl  difTi-n  in  thcM  two  bodies  u  in  [4{I0]  nnd  [497].  ftforravn; 
it  will  br  noticed  that  ttocyanicrtlivr  \»  an  aaiidu,aRil  all  the  Kkctimu 
[500  to  l>03]  bocomo  int«lligiblo  fiom  this  point  of  viovr. 

A  Bimilar  relation  to  that  juat  deecribed  we  find  belwma  the  nilpho- 
Cfuiic  othns  and  the  Bo-call^  miuUnl  oik    Thui, 


[B«l 


Ibo  natund  louttiird  oil  is  a  limikr  cumjMuiid,  oootoining  ite 
miBttvnted  ndicol  allyl,  CJI^. 

,SK>yi[*7i^£2CJ5Q  [MS] 

Lastly,  ve  add  the  following  MrmbolR,  as  cnaniples  of  rery  com- 

pl«x  Btcuctuies  wtiich  may  be  built  np  from  carboo  and  sitrogn 

atoms: — 

So 

C'Jf 

w  * 

Cyanuric  Aci»l,     0,^/0,^,     or  JP  C  -  fl& 


DiRyandiamiS^ 
Onanidina, 


0     2f 

a,' 


J  481 J  HYDEOCABBONS  OP  THE  ABOMATIC  SERIES.  577 

RepUoMDfltita  by  NOj. 

Compouods  of  this  muToIent  group  have  been  made  by  the  general 
reaction 

CBJ  +  AgNO,  =  CH^Ot  +  Agi;  [506] 

tmt  snch  compounds  are  tu  yet  of  little  impartance  in  the  &t  series. 

Replftoaments  by  Uatala. 

480.  Matklllo  Componnda.  —  Here  belong  the  wions  eomponnda 
of  the  metals  with  faydiocatbon  radicals,  which  have  already  been 
described  under  tbeii  tespective  divisions. 

HTDROCARaONB   OF  THB    AROMATIC  BXIHZE8,  AKD 
THEIR   DIIRIVATITBS.  —  CLOBED  CHAIKB. 

481.  Benzol. — This  well-known  hydrocarbon,  which  is  the  basis 
of  a  large  class  of  componnds,  is  one  of  the  chief  products  of  the 
distillation  of  coal  tar.  We  have  no  certain  evidence  in  regard  to  its 
molecular  structure,  and  differences  of  opinion  ^re  entertained,  but  the 
remarkable  relations  of  the  compound  are  so  well  explained  by  the 
hypotbesia  of  Kekul^  according  to  which  the  carbon  atoms  are 
arranged  as  represented  by  the  accompanying  diagram,  that  we  shall 

B  (7,     .H 

0-       C 

[fiOTl 
.<?.       .0. 
H         C         S 

H 

adopt  this  theory  as  the  best  mode  of  classifying  the  &cte,  without, 
however,  regarding  it  as  anything  more  than  the  conventional  form 
of  a  working  hypothesis.  When,  therefore,  in  this  connection,  we 
write  Cf,  it  must  be  assumed  that  the  carbon  atoms  are  grouped  as 
indicated. 

By  Hubatituting  for  ff  in  benzol  different  hydrocarbon  radicals,  we 
obtain  a  series  of  homologaes  of  benzol,  some  of  which  are  associated 
with  it  in  the  products  of  the  distillation  of  coal  tar.    The  second 

87 
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neuber  of  this  hoiiiok)gi>u«  kwk,  C-ff^,  ut  oanad  toluol,  uil  ■  < 
medijlbensol,  or  CJt^CIJ,.     Of  or>urs<>.  the  ra'Iical  lau  !■ 
to  uiy  one  dt  Um  ewbon  atoma,  but,  according  U>  Uw  jirinnnl'  tli^ 
«tit«(l  (j  45S),  tltis  v&mtion  wonlil  dctenuini?   n<i  rral  ililln 
■tnictarc.  altboagli  it  iDi;;lit  nuke  an  a{>pa(vnt  (ltir«m>nci'  mi  m  i 
TcntioBa]  diapvm.    The  •ceoad  oembor  of  the  seritti,  CV^^,  i 
«itliet 

Tbo  fint  of  tlicM  bodiisi,  like  n«thjIbenzo1,  nrtraitx  of  ao  I 
but  tbe  SMODi],  whtrh   is  luaalljr  laJlf^*]    xvlol,  ^ivu  tluw 
■cmding  to  the  n-lotiv*  [icntioii  of  tiw  two  ndicals  oo  the  I 


Onbr-UM 


HNfQM. 


Wben«Tor  two  only  «rf  tba  faydngen  atoiDB  of  benaol  an  irfliT^ 
wino  nonwocktutv  is  tisod,  and  the  UonMnii  arc  called  «rtb»  ate 
tadiotto  are  on  adjacent  Linka,  ntfa  wImd  oq  alhwiiaU  ItfUfi 
vhen  on  apposite  linka. 

It  U  obriocu  that  tbo  earboo  atonns  of  th«  IijrdnoriNe  i 
Ibtm  an  acnaswrjr  chain  to  tb»  lauD  graap,  and  tliia  aatiJidiiati 
b  called  a  nde  eMain.  Tbe  aide  diain  muy  bft  either  a  MtimliJ  J 
radical,  as  in  toluol  or  xylol,  er  it  tnay  be  an  anNitaiatm)  mU 
in  alyn^l,  C^ff^-C^^,  or  erta  it  mqr  beanoUior  aiotiuktkgiaq^* 
dii>bflnyl.  C^ff.'Cff,. 

The  lyntlicsi^  of  benzol  baa  beta  aceonpliabed  br  paatiUMlQ^ 
tfaroogfa  •  bcMtcd  porceUin  tuba 

And  fiom  bnuol  we  esn  ptm  to  tbe  bighcr  lijilmnni  /' 
Btumadc  teri<a  by  what  ia  known  aa  Fitti^s  imctum. 


im] 
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DEBITATIVEH    FBOU   THB    HTDROGARBOTO.  — WITS   CXOSED 

OH  AIMS. 

482.  AddtUon  FrodaoU.  —  .Since  in  tho  bcsogoonl  ring  of  betuol 
there  &ni  three  iloublo  boiiUit,  wt  ahoiitil  infvr  that  the  molecule  waa 
uiiaaliiret«(l,  And  capable  or  uiiitijig  villi  fix  additioDal  iiniTAlent  aUima 
or  nulioaU.  But  although  ituch  aiMition  products  are  known,  tliej-  an 
obtiiiDr)]  n-ith  br  lusc  n-Adiness  than  in  the  cooc  of  tbc  ulelinis  or 
acetjlenea,  nti'l  this  circiimstAnco  hu  led  to  a  question  in  n>|^rd  to  tbo 
hypothMta  which  ro<juir«fl  us  to  aanims  the^ir  «xiiit<!nc«.  Aitdition 
producta  may  also  result  bom  additions  to  aide  chains  when  un- 
§aturated. 

Ssbatltntlon  Prod  nets. 

4  AS.  BnbsUtotlona  of  Chloilne.  Btomtne,  or  Iodine.  —  Sach  auV 
Btiliiliotw  nw!  miililj  prodiictd  hy  tlin  direct  nction  of  the  lialuid  de- 
ments, thus, 

C^t  +  BTf  =  Cjr.Bf^BBr;  [5111 

and  by  continuing  the  action,  auccce&ire  atoma  of  hydrogen  can  bo 
replaced  in  a  ^imibr  way.  With  one  atotn  of  bydtugun  replaced  t1icn> 
cnn  bu  no  isomers;  with  two  atoms  peplaetMl,  there  uan  bo  tbrpo  iao- 
mcra,  as  alion-n  iti  $  481.  'VTith  three  replaced,  them  can  be  also  thre« 
iaomcrs,  for  if  wo  number  the  nix  carbon  atofiM  of  tbo  ring  from  one 
to  six,  we  shall  have  tlirco  diffiitvnt  mbtioDS  according  aa  we  re'plocA 
1,2,3,  1,2,4,  or  1,3,5;  and  these  arc  the  only  eesentialty  different 
Gorabinationa  which  we  can  mske. 

With  th«  higher  hy<Ir(>e(irl)ons  of  tlie  atoniatJc  aerlea,  which  have 
side  chairiB,  vrp.  mny  nplnca  eitlier  the  hydroffeii  atom*  of  IIm;  rin^'  or 
those  Elf  the  side  chuna,  and  the  firvt  ai«  morv  rooilily  Toplaood  than 
the  last.  According  to  B»ilat«in's  law,  chlorioo  or  bromin*  atoms,  as 
a  gi^n<'ral  rule,  go  iuto  the  ting  in  the  eold,  especially  in  the  prowDoe 
of  iotlini',  but  not  into  the  alda  chain  except  at  teJUpenttoiea  abore 
110*. 

The  two  diffi^rfnt  nMociationii  which  an  atom  of  a  halo([en  may 
have  in  such  a  liydmwirbon  increnspn  tlio  number  of  posdMs  isonunic 
forma.  Thua.  there  may  be  four  isomora  of  bcniylchieride,  C.Bfil, 
otip  with  the  chlorine  atom  in  the  tide  chain,  thus,  CJl^'Cl/^Ct,  and 
ibn^u  witii  Ute  chlorine  atom  in  Uie  ting.   When  in  the  last  association, 


530 


st'BSTmmoiis  of  dydsoxtl  ob  oxtoex. 


itta  eUarine  atom  and  tbo  miIImI  Cff,  vmj  haYO  the  Ihroo  dilltwit  | 
n-lntivo  potitioiM  on  Ibo  ring  aliowa  in  j  t&l.  I{o|iUc«m«nto  in  tlu  ' 
siila  chains  follow  the  ume  lavnt  u  in  tho  fat  aorioa.  Such  rq)laat- 
niouta,  like  those  on  open  chains,  can  be  Mailjr  dislodged,  wkik 
ndlcals  on  the  ring  cau  be  Tomoved  only  with  graat  dlfficoltj,  m 
by  the  action  oif  uetallio  aodium  or  fuunjj  with  oauatie  aUcaU.  Ccvh 
paw  [SIO]. 

Tho  rultowing  Inactions  will  help  to  olacidat4  tbv  prindpUa  we  an 
diacoering.  M 

aif.C/L  +  &■,  =  C.ff,BrCJL  +  RBr.  '""i  " 


tllW] 


In  this  Ti>action  the  broinlno  atom  liaa  nplaced  an  atom  of  bydiogra 
on  thit  rin^.  On  thiN  ring  nn*  now  two  radicnla,  namaljr,  Br  Bntl  CB^, 
nnd  tlM/  must  have  rclatirelj  to  each  other  one  of  iba  tbne  poaitkiu 
shown  in  f  481.  The  product  ia  in  &ct  a  mixture  of  oitbo-  nut  pan- 
bromtoluol.  In  llit^aa  isomera  the  raditda  niu  in  llw  relntiv*  [■n^Hm* 
ttoat  teadily  luwumcd.  In  ordar  to  obtain  the  intermediate  podliMi 
of  me1ahroEnlolu<it  wo  must  lirst  occnpy  the  pan  position  with  as 
aniitte,  and  th«n  the  hmniitMi  will  npUee  tlte  bjrdtogaii  atom  ixaNrt 
to  Ihu  amide  radical,  tlius :  — 


+  i»r. 


■¥BBr    [313] 


If  now  we  lephoe  tho  amide  by  hydrogen,  we  hare  the  iaomer  minfawl. 


613] 


Snbatltatloiui  of  Bjrdroxyl  or  Oxygen. 

48t.  Pbanola.  —  If  we  ivplace  one  bydrogeu  atom  of  buml 
Ho,  wn  obtfiin  I'heool,  C^-  O-H,  a  compoaud  wliich  is  mora  Euniliirif 
known  as  Carbolic  Acid,  and  whoas  itnKluni  admits  of  do  ieonflrinfr 
If,  however,  we  r«]:Juca  two  hydrogen  atuma  by  Ua,  the  [uwImI, 
C^H^Hi^,  is  cn)ittlil«  of  thrco  tsumetk  niodifjcationa,  aeconliag 
relative  podtion  of  the  hydmxyl  group*  on  the  ling  (i  4&1). 


SUBSTITUTIONS  W  HVDROXTL  OR   OXYGEN.  581 

The  ortho  fumi  is  c*]ted  I'jrrocatacliiii. 
Tbu  lut-Ui  funa  ia  called  Itetorctn. 
The  pun  fi^nn  b  called  U^drochiuon. 

gen«ni]  t<mn  Phenols  applies  to  all  sueh  corapoimils  whon  tnole- 
have  Uo  uniU-i)  to  th«  ring.     Id  Uicir  ftracturc  tho/  nn  allied 
tile  tvrtiary  alcohold,  l>ut  thny  haro  the  quslitira  of  weak  lkCMil& 

HOC^H^  +  K'O-H  =  K-OCtll,  +  fftO.  [SU] 

485.  Alcohols.  —  It  i*  ohvioux  that  with  toluol,  or  any  other  homo- 
I  of  bnnial,  we  may  T«plai-c  a  tiydmgcn  atom  of  the  Kiiln  clinin  by 
b,  and  that  then  wo  must  harn  thn  coin|il«t4i  gtrtictiiro  of  an  alcohol. 
ImaCjffj-CV/,  gives  Ci/?,-C//,-0//;  bonioic  alcohol  If  now  the /fo 
tjuufemd  from  th«  udo  chain  to  the  ring,  we  shall  have  a  [>beiiat 
Dcric  with  the  alcohol,  which  it  itself  <.«^hle  of  ttuvo  uuditicalioua, 
iing  to  the  nJative  poaitioD  of  Uvti  Ht  and  CJ/,.  Thww  t«oaieri« 
Hot  an  called,  according  to  tlie  tules  given  iii  $  481,  ortliucraMl, 
J,  iwmcTD*')!.  The  alcohol  ffvta  an  aldehyde  uid  an  acid,  aa 
the  Ikt  seriea,  I  hua :  — 

CJ/,'  cjr-  an  c,  n,-  co  u  cjr-coo-H 


Oil  III  UlIHl  .LlBWUl*. 


I  ako  we  liat'c  homoIojpJM  wiUi  the  above :  — 

aff,,-r/i,ajf  cjf,,-co-jf  c.u,.-coo-H 

486.  Aelda.  —  These  are  fontied,  m  in  Uw  fat  aeriea,  by  subetitut- 

•CO-OII  f(ir  oil  atom  of  hydrogen  of  tlM  hydrocnrhon  inolecale ; 

lit  with  aronatin  hyilrocarhona  the  atthaititution  may  take  placo  cither 

the  ring  or  in  the  «do  chain.    Of  adda  dorivod  by  aabatitution  in  the 

png,  the  uo8t  important  and  the  simpltot  ia  b«nDoic  acid,  whose  eym- 

ol  hft*  juat  been  given.     This  body,  fonueHy  exclusively  obtained  by 

iiblimation  ftom  gum  benioin,  is  now  more  fre(|uently  procured  from 

h>p{>uric  mid,  which  in  found  abundantly  in  tlw  urine  of  hcrbivoruiui 

QJnuU.     Wlirji  hippuric  acid  xt  boilud  with  liydroehhirio  arid,  tJie 

lic-al  C;lf^O  in  tliia  amide  changea  phuw  with  H  of  IfO-H,  and  the 

fpro<Iucts  ore  glycoool  an<t  benmio  acid  (|  319). 

If  one  of  the  hydrogen  atoms  in  the  ring  of  tolnol,  C^H^-CH^,  is 

[x^plooed  by  -CO-O-U,  the  ptodoet  will  diBer  aeeording  to  the  mlativ* 

ition  of  t!ie  ndicils  methyl  and  carboxyl  [508],  and  thna  of  tolnylio 

CJf^-CJft-COO-If,  tbetft  UP  thwft  iaomett,    SOU  a  Ebvttli  tacmer 


6!B2 
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Bia7  i«BiiIt  by  ici)I*cing  a  hydrogen  atom  of  tlto  ado  chain  {nsU*il  of 
Um  ring.     Tliua  we  doriva  al|iliutoIuyIia  add,  Cfff^CfffCO-O-ff. 

It  U  <iri(l(iDt  tliut  lUroui^i  Uie  aide  diaiiut  of  the  aramiUic  cotuponada 

xdatiotu  of  stnictuTD  may  Ira  o«UblisIi«d  similar  lo  thoeo  in  tha  tri 

I  vmm,  and  henco  wo  migbl  oxpoet  ■unllu  cLtasM  of  aetd&     It  th*  lida 

chain  ia  uuaturated,  the  product  is  an  vinsaturatod  actd,  and  an  axA 

lent  example  of  Bucb  a  oompoond  is 

Cinnamic  Add,         CtiltCIHJH-CO-O-H, 

vhich  difTers  from  acrylic  acid  [181]  only  in  having  the  mdioal  CJ^^ 
iitsl«ad  uf  /T  at  the  end  of  an  othenriae  open  chain. 

We  may  alae  have  among  the  acid*  of  the  aromatic  serica  the  avaa 
dirtinction*  botvre«n  atomicity  and  haiidty  aa  b  the  fat  aeries  ({  47ft). 
As  bofore,  tlie  baaidty  depends  on  thu  numbn  of  carboxyl  i^nxtp^. 
'CO-Hi>,  while  the  atomidty  is  determinei)  by  the  total  nuisWr  of 
hydroxyl  groups.  The  fulloiring  is  an  intoreeting  laomerio  group  ef 
BDODobaeic  but  diatomic  acids :  — 


Salicylic  Acid, 
Metaoxibenioic  Acid, 
FuaoxiWnjEoic  Add, 


The  ortho  form  of  HOC^H^- C(y  O^H. 
The  mew  fom  of  H-OCJi^COOH. 
The  pan  form  of  Uri>CJI^-CO-On. 


Laiilly,  we  may  montioR  a  most  remariiable  seriea  of  aciihi,  whieti 
may  be  regarded  aa  ftimii.'d  by  replacing  mccesaiirely  all  the  hydtt:fn 
•toma  of  bensol  1>y  carboxyl,  md  whkh  thenbie  [nwcnt  erei;  grvU- 
tioo  ficm  monobaiiic  to  bezahaae. 


Beuml, 
Bcniwic  Acid, 
T*rt>|>liTjAlli:  AM<t, 
TtiiuvllUii;  Adil. 
PyruoMUiiio  Acid, 

IMlhio  Acid, 


1>ophth>lio  Aci<t, 
fmluutie  Aciil, 


Phthilie  koA. 
Ilamimallille  Ad^ 
BldlophanloAcU, 


The  thren  iKnmnric  forms  which  ore  ginn  above  obvionalj  mall 
&om  a  variation  of  the  relative  pooition  of  the  catlraxyl  groBpc  on  ths 
benzol  ring. 

497.  Ketone*.  —  As  examplea  of  oompoaDds  in  llie  annnatao  i 
cotTwponding  lo  the  Icutoncs  of  the  &t  aeriei  we  luve 


Semopheoone,  CJliCOC^U,        Aceiophenone,   C,8^C0i:H^ 


b4sa] 
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,486.  QulnooM  nm  a  cliwu  of  cotaponnd*  peculiar  to  the  ftroiaatle 
Xhey  aro  forniMl  by  the  oxidntion  of  unnnutic  boilleH,  and 

suppoMul  to  contain  the  radic&l  '[Ot],  tliivctly  uDit«d  t>y  both 
odfl  "ith  the  benzol  ring,  Quinon^  t^,//,[0,],  a  TolotLl*  solid 
gijtudly  obtaiDed  by  the  oxi<iatioii  of  quinic  acid  found  in  cinchona 

k,  is  the  nmiilMt  of  theiw  bodioa.  Whon  acted  on  by  JH  a  strong 
3uciiig  agent,  <]uinon«  yii^ldii  hydrD<{uinonc,  C^H^Ha^,  atid  tbu  h.cl 
0,  ia  thas  T«plac(«l  by  Ho^  wiciiis  to  intti(»tc  that  tbo  oxygun 

Ds  woro  anited  to  the  beiuol  riug  by  two,  and  Dot  by  all  four,  of 
beir  Iraods,  and  hence  that  they  must  be  united  with  oarh  other  u 

havH  aaaumcd.     A^  liydroquinoae  has  two  radicab  iuut«d  to  th« 

ol  riut,-,  it  mii.it  Iw  one  of  threo  posaiblc  idomen  (§  481);  and 
IK  can  litstinituisb  whsthcr  it  is  «a  ortho,  tueta,  or  \«an  compouiMl, 
!  can  di^^onuiiio  the  poiota  of  attochmont  of  Uie  oxyg«D  ndioaL  hi 
piovDt  to  bo  n  para  compound,  it  follows  that  tho  oxygva  bonds  oro 
tlted  at  opjtnnto  liidea  of  the  ring. 


Snbatltiitloii  of  Sulphur  Radicals. 

489-  Bolphur  Compound  may  be  formod  in  tho  aromatic  team,  as 
the  Git  Mriex,  nftur  tho  mmo  types  as  the  oxygen  coapoiuida ;  but 
\  most  important  compounds  of  this  chaa  aro  Um  sulpbo-actds,  whi«b 
be  regarded  as  derived  fh>n)  sulphuric  or  sutphunHU  odds  by  c*- 
:  one  of  tlie  hydroxyl  grouiM  by  a  boiuol  radical,  thus:  — 


C,ff,  + ff,-0,-SO,  =  HO-SOiC^n,-^  H,0. 


[5151 


product  of  this  inaction,  whoa  fkued  with  caustic  potash,  yicMa 
die  add. 

rtuBcL 

^os  tlicsn  two  naotioDS  «D^ile  ns  to  effect  th«  syntbesis  of  the 
benols. 


BubatitntloD  of  ITitrofon  lUdieaU. 


4  DO, 


Hltro  Compoanda.    Jtadieal,  A'O,.  —  ThcM  compound*  aro 
important,  and  more  sUble  than  in  the  lat  Mriu«. 
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U-«". 


Tbew  cotupoiiii<U  cniinot,  faowover,  be  made  hj  Uie  acUoo  o(  J^i'O, 
on  C,ff,l 

491.  Amldo  CompoDoda.  HadieaiiXHf^Tht  vaidoeotafoiaadt 
can  ho  obuiaed  £n>m  tbe  uitro  oompounde  by  Rductioo. 

C^j^+3//,  =  C^H^^-^UHfi.  [519] 

TlMf  ora  capable  i>f  tli«  foUowing  tmiufoniiitioiu :  — 
1st.  The  byiirogeu  ahnus  of  JfjV, ,  the  side  diain  in  kuilino,  cut  b* 
readily  nphtml  by  alkyl  ndicab. 

CJLSHi  +  CHJ  m  C,B.N'H,CH.  +  HL 

So  also  i)tm«thylAnihno,  Ctff,-JHfiH^.    If  metJiyluulijie  ia  boated, 
tbe  ndical  CH^  jMaMa  rrvm  tbe  aide  chain  to  tbe  ring,  tbtu :  — 


C,HiN-H,CH^  =  {C^^Hj^SHt. 


[520] 


^tliia  tnnsfer  of  nlniuii  «t  nulicaU  from  one  jnrt  of  a  molwnlo  to  lb* 
Other,  ill  lbi«  cose  from  tho  xidc  chiiin  to  Ibo  ring,  wttboni  biwkii^ 
up  the  cubon  Dudetu,  is  not  tmcommoD,  and  tuy  be  calW  otM 

2d.  Tho  hy<)roeeo  ttonu  of  NIti  may  be  reploevd  l^  arouatie  ndi- 
cala  after  subotituttng  K  in  th«  side  cbain. 

3d.  TIm  hydrtigen  atonut  of  Xl/t  may  bo  roplaood  by  aoi<l  radicala. 

c^^yn^+  [c^fiyci  =  cn.yirc^fi+ffa.    [52a] 

By  the  incomplete  ladnctioo  of  nitro  oompounclii,  products  nuty  I 
oUaiaed  which  are  iotennodiate  belw«eM  tboae  and  Umm  of  th»  i 
data.    Thus  we  have 


Nitrobeiuol, 

Axoxibenzol, 
Asobeoiol, 
IlydnuobcDEoI, 
Amidobomol, 


O. 

c.ff/.vjg; 


Hw-] 
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■ 


I 


[ThoM  corepoundfi  am  compontivuly  ■tlaliU',  «xc(t|>l    lijdnuDboiuol, 
jvhich  under  the  influvnco  of  noid  UQ(]«rKoo«  tho  following  change  :  — 

492.  ZHuo  Componnds.     Radieid,  -N'N-  or   Jl^y>.  —  If  tho  oi- 

of  phiiiiyliLmoKiuium  is  acUxi  on  by  iiJtroiu  acid,  no  havo  the 
oUowin);  rvacliaii  :  — 

(j/,,aifjA'y-yo,  +  /rxot  =  c//,-AVA'o,+2fl;a     [6251 

RIBMiol  r»m>»inl 

The  nlUata  of  diacobenx^  is  very  ubstaUe,  and  undMSoes  tli«  foUoir> 
tog  fjpjpil'"'  tranAfoniiatioua :  — 

C,B,yfNO^  +  U,0  =  Ctf/,'0-£f+  jv;  +  fllVO,.  [»26] 

C^HiNiNO^  +  CtHs-OH  =  VJt  ^  jV,+  i/.VO,  +  C^Hfi.    [527] 

AlakaL  Bawl.  Al«i>i]n«*. 

Tho  mtctton  [r>2C]  gives  an  iinpoitont  method  of  making  phenoU^ 
aiHl  both  this  and  [-Olit]  illustrato  a  claaa  of  reactions  wliicb  lure  been 
most  U£«fiil  in  thu  study  uf  the  aromaUc  ooiui>ouudii. 

493.  HydiaxlBts.  —  Further  evidence  of  llie  structure  of  tli«  nitio* 
gen  radical  in  tlie  iltaxu  cuiiiiioundK  Is  funiiidi«d  by  tiio  li*i:t,  tliat  under 
tbe  ai-tion  of  uusMnt  hydru^en  ibcse  botlitu  yiuld  [iruducU  cnllod 
bydniziiics,  whose  reLitiuiia  arv  best  exiJlaiued  on  Ihe  uxnimption  that 
they  contain  the  group  {NHf!fB)r.  Tlwir  furnialinH  is  illustrated  by 
tJie  toUowiug  reacltun*  :  — 

SalphJHid  DtuebiBHl.  SulpUitgrnwioiUirdmiiib 

Abo  irt,  have  [923]  ■ 

Similar  compounds  havn  also  been  mode  from  tho  fnt  ccrics. 


[528] 


[fiSfl] 


Chatns  contsdning  NitiocaD. 


49t.  Pyridln*  {NCJl^  is  a  cobrlras  liquid  soluble  in  water,  de- 
rivud  from  llie  products  of  the  distillation  of  bones,  bituniinouB  shales, 
natural  alkaloids;,  and  other  oitrogenizMl  materiab,  and  bears  similar 
relations  to  the  ao-<all«d  pyridine  bases  that  b«nxol  beam  to  the  aro- 
OMtic  hydrocarbons,  and  b  BUsc«ptible  of  similar  ttansronnation.  llifi 
stndy  of  thcso  mbtions  has  led  to  tli«  thwiy  that  it  hu  a  molecular 


OOHPLCX  CHAJK9. 


urn. 


ff. 


a 


B 

b    .J 

0 


■tructnra  nmilar  to  beiuoli  with  tlw  exception  tlutt  the  ring  which 

ibciua  Iha  uih1«i»  of  the  molecule  eonUiut  an 

abum  of  uitrogeu,  as  in  the  gmphk  a^ inbol  at 

tliu  «iileuf  thapaga   Pfriilliie,  like  .V//,,  oom* 

binca  directly  (as  an  additiuu)  (o  ociiU  to  form 

Balta.    Thus, 

a  c,tf, + uci = HciN  cys; ; 

tivl,  aa  iu  thi>  fonnntion  of  unmoDiuis  nlta 
(S  332),  we  aaeutn*  that  Uw  nitrogvn  ntotu  of  the  pyntline  rittg  b«- 
coraed  qoinquivaleitt,  and  attaches  to  itself  not  only  tba  cblonav,  bat 
also  the  bydrogon  atom  of  the  acid  molecule.  Fiooline,  a  boM  ■*fwtHrl 
will)  ptrtJiti^  hnus  tlie  «iiu«  rtbtion  lo  it  that  toluol  bean  to  brawl; 
that  it,  [licoliiii-  is  niothyl]>}rndiiio,  SC^H^-CH^.  Here  meAhyl  ivplaoa 
ono  of  the  bydr»(;cn  atoms  of  the  ring.  TlidM  atonis  nuiy  also  he  n- 
phucd  by  various  mdicals.  Thus  we  hnvo  [KC^H^-CO^H,  ipj^&x» 
carboxylic  acid,  a  compound  capable  of  three  isommic  niodificattona^  ae> 
cordiug  to  the  position  of  the  carhoxyl  group  on  the  nng  with  tvfumiet 
to  the  Ditiogen,  and  It  con  oosUjr  be  seen  tlial  the  pyridine  gtuup  pnatuu 
infinite  poaaibUities  of  substitutioiu,  additions,  and  ttaDsfonaatioiui 


Conplex  Chains. 


m 


495.   NspbttiaJlne,    AnULrsc«ne,   eto.  — thib    (oHowiog    gnphie 

symbols  best  TOpnaent  tbo  chemical  relations  of  eettatn  very  noMtk- 

I  Able  compounds  wbidi  are  auoiig  the  products  of  the  distUlatian  of 

'  coal  tar.     At  will  be  seen,  they  inuy  be  Kgmled  as  fbrmod  by  Iha 

eoaleccing  of  two  or  mora  benzol  rings. 


H 


H 


Bs        O        ,0,      ,B 

0**0        a 

.0,     .  O,     ,0, 
BO  q         B 

k       k 

li  will  he  Qoticod  that  chiDolino  is  relsted  to  nophlfaaliiM  in  lbs 
•ame  way  that  pyridine  b  related  tu  beniol.  It  will  bn  notiMd,  IIM» 
orer,  that  while  ono  substitution  uf  ■  hydroj^a  aiom  on  tbe  ting  git« 
ao  ilonian  in  the  cuau  of  benxol,  a  similar  aubatilalicMi  ^tm  two  iao> 
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era  in  tha  caae  ot  nsphtbaline, 

^peiidiug  ou  ibe  poaition  of  the 

B[ibcint,'  n<iiwil  with  roftrt-Mlce 

<  tb«  i>uii)U  of  junction  of  iho 

rings  i   for   it  ia  eriileiil 

It  it  con  bo  eitl)«r  adjacimt 

I  thia  point,  or  sepamtwl  from 

by  one  Atuni  of  hyOtogen. 

fuTtti*  iirv  illatiiigaishod 

Uio  InttvM  u  nnd  ^. 

Aathnwaua     sod     pbenan- 

I  are  two  isonuriu  hy iln>- 

fbona  from  tho  mnu  aourco^ 

rhon   molMiultir  stnictura  u 

ontml  by  th«  conveational 

at  the  ud«  of  tho 


S. 


B 


0 

.c. 


B 


0 
B 


B 

C. 

c 

B 


0 

c. 


B 

b. 


a 
c 


o 

f 

B 


O 

c 


B 


B 


B 


a 


o 

ft 


c 
if 


B 

C 

o  • 
<  o 

U      B 

f1l*DUlllknB«> 


B 
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c 

I 

u 


c 

0 


B 
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.  Alinrine  a  telnted  to  anthraceno  thus : — 


moat  itnportnnt  dyo-etuff  w  now  m&nufactnriKl  from  anthmceine, 

large  quantiliea,  by  a  pioce«s  wbich  was  diacorered  by  folloiring 

it  tlie  iuilioktiouA  of  thii  tbum^-  of  Uie  aolecubr  •tructun  of  thi« 

Dng-kuown  )m]duct  of  orfpnic  iMtnni ;  anil  this  $ynlAtti»  of  •litarin* 

I  nut  only  ouo  of  tlw  mort  maoikable  acliiovemonta  of  modern  chcm- 

f,  but  i«  nlvo  «  diroct  «om>boiktion  of  tli«  validity  of  tho  mod*  of 

ling  which  tho  new  philosophy  of  the  aciftnce  baa  intiwluoed. 

It  is  iucompstiUe  with  tli«  <lflaign  of  this  book  to  give  d««crip- 

ona  oitlicr  of  sub«tanc««  or  procewea.     We  have  only  been  abl«, 

ore,  to  point  out  the  wore  imixirUiil  (^uural  pnu«i|))M  developed 

Ibe  atudy  of  (M^Bnic  chcmiatry,  and  tbo  nature  of  tlie  eridenve 

rhich  thiKo  princtplos  bavo  boon  eatabtialied.     Having  ttudied 

be  outlino  hero  pmantadi  the  stiidont  will  bo  able  to  niideratond 

dr«ciiplions  of  iiir«stigations  in  thia  depaitaieiit  of  chcmittr)'. 

liich  are  being  oonslonlly  published  in  tbe  (eading  chemiMl  jour- 

I ;  and  he  is  eoRMstly  advised  to  esteod  his  studies  to  original 

of  luailied  exoelleiica.    By  Mudyintt  Ibe  d«UiLi  in  a  f«w  cod- 

aoiu  oihI  chuncteiistic  exomplo*,  Ito  will  gain  a  fkr  more  accurate 
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co&e«ptMii  of  tli6  BuAhods  and  modes  of  tbou|{tit  by  wlitdi  thii  6«U 
of  BoiemM  has  been  $o  aucGC(u>fully  euUivat«d,  tbitii  cui  powibl;  b* 
obtuiiicd  from  ■  t«xt-l)ook.  Ittit  n^  atiulj  i>f  1>uuk«  can  giro  a  Uving, 
pVRiDiiikl  kuuurledgo  of  luiy  cxporimooUl  scduiot^  and  tbis  ia  etpwUljr 
tnui  i)f  orgiuiic  cbemutiy,  in  which  the  fimu*  of  expnaaton  art  m 
obviotuly  eonveiitiotiiiL  Thvee  funns  ore  oC  no  value  iu  UirtoMilvea. 
Thoy  BIO  mere  toob,  and  oaljr  aerre  their  legiUtnate  purpnoe  jo  U» 
luuida  of  the  true  studeut  of  lutuiv,  whom  tlmy  h«tp  to  gi«a|i  tlu 
phenomew  he  olwervet,  He  who  projKMca  to  Mndy  orgauK  ebon- 
ialry  expenmenlAlIjr  luiut  Iixini  Uui  um  of  tboat  tools,  and,  for  Mch 
alU(1«iiU,  the  outline  of  the  Mibjuct  wo  bav»  giren  nu^r  nrv«  as  a 
introduction  to  Ihia  depattmest  of  chemical  acJaoM. 

PhjraloloElcaJ  CbemlatiT. 

49S.  The  bydrararlMn  DMnponndi  and  tlioir  derivatives  inaj 
bft  studied  ns  ])indiicta  of  tho  vital  pToceSKe  of  pluntft  and  antniab ; 
and  when  studied  fiom  this  point  of  view  titej  becoinn  Uxi  basts  ft 
iniporlsiit  bnnchee  of  knowledge,  kuowii  a»  animal  cl^miktrj,  |4qrM- 
otogioU  chemUtry,  phytuclieiaiatry,  or  agricullunl  cluunintry.  BPOOfdiiig 
to  tbo  field  «tijbTBced.  Animal  oliemistry  lias  a  ii|>ucial  intoreet, 
account  of  its  beaiiii^-s  on  medtciue.  But,  alLliougli  ih«  sabjeet-Bi 
I  it  tlM  asme^  the  ainw  of  atiuly  in  tlinee  depaftments  an  ao  very  difl^ 
mtftomthe  inveetigntion  of  molccnlarstmctun,  that  they  hara  little 
io  common  with  what  ia  now  gencndly  underatood  as  orfjanic  dbco^ 
istiy.  TIm)  stud)'  of  those  subjects  baa  developed  no  iivw  priaci|ila 
of  cbntnicol  philosophy,  ood  tlie  d«taib  are  so  nunwrou*  tlut  it  wooU 
bo  irapoasihla  to  give  evm  a  HUmmary  of  thnn  in  a  work  liko  Om. 
VTn  can  on^,  thcnfoni.  point  out  tbne  soltjecta  as  wall  eetabUshaJ, 
allbouf^i  sumewhal  imlolinitu,  bnuohcs  of  cbstuistiy. 

4(1  T.  FennetitatloD.  —  Tliia  iena  U  applied  to  a  number  of  it^ 
nuikalde  clicuiicul  ]m>cisum(,  which  depend  upon  tlw  lifo  and  gnwth 
of  a  vny  low  ordor  of  orfnuiiiol  beings,  belonging  ehicfly  io  tba  vip- 
labk  lungdon.  Iheae  orgautsins  are  lbs  efficient  pan  of  what  ii 
nailed  the  ferment,  or  yeast.  Tbe  fennenttbg  B>al«nal  is  ibeit  appip- 
pTMte  food,  and  tli«  products  of  fetnteDloliou  are  in  sotns  imlutowa 
way  detettnhwd  by  the  vital  praoon,  dtfftreni  fbnnents  —  that  »,  dll' 
fcnnt  orpinisms  —  ptodadng  dilliBiient  i«*alt&  Moiraonr,  yn  en 
fiitquDntly  distinguish  between  tbe  growth  and  propngotioo  of  thai 


( 


4 

I 


k 


403.] 


COXCI-VSIOK. 


589 


in;^jiiKmH,  and  tho  norrftal  tiUl  prociwi  hr  nhieb  Ihft  ploducU  of 
fpnii«ntation  nro  uyulvnl;  llw  firet  loquiring  tho  praaenea  of  tettain 
mntt^ritilg,  chuHr  nlbuminoxu,  vrtueb  ollierwise  tiiko  no  pait  iu  Uio 
cheuiioil  c1i.in^  Tli«  gmnii  ei  tbon  living  Iwings  M«  widvly  dif- 
.,  Scaling  evon  in  Um  abooaplicR,  oud  begin  «t  once  to  grow  m 
M  a  rcriucntaMe  liquid  and  tbo  riglit  tuuiptiralUK  «Hpply  the 
iiliUoDH  of  active  lif«.  F«niMntatMHt,  thcwfim),  may  aet  in  wiUiuul 
nplwt1^nt  addition  of  Any  temmi,  and,  on  Ibe  cAhat  liand.  tba 
ta^y  bo  |>n<T«nt«d  by  nculing  up  the  material  in  ur>tiglit  cam 
iTiouitly  heal«il  U>  meh  ft  t«ropcntur9  u  will  insure  th«  destcudion 
fall  living  gonns.  The  principal  laoAea  of  f^rai^ntntion  are:  — 
1st.  Alcoholic  fermentation,  causml  by  a  fnngQa,  Ui«  Saetharompea 
ititr,  oonuDonly  called  Yeaat,  whiicb  converta  gincose  into  etbylic 
ibol  «nd  oarbonio  aulijrdrid«,  funning,  however,  at  the  saine  tiUM, 
amnunta  of  amyllc  and  otliet  alcohols,  beaidea  traces  of  suocinic 
and  ^fcorim. 


C^ff^O^  =  2  C;^0  +  2  CO,. 


[830] 


Sd. 


Acietoiu  f«naeDtalioii.  indn««d  by  the  ifywdtnaa  mni,  by  wUeli 
ia  changed  into  vinegar. 
Sd.  laotio  ferrnnnlalton,  in  wbiah  th«  PtnicUtium  ytaueum  coDVnta 
ntatoriala  into  lActk  arid. 

[531] 


:*■ 


4tli.  Bntyric  fennmUtion,  aiipposod  to  be  cansed  by  an  aninial,  is 
Jc]i  lactic  aeitl,  forraiKl  aa  above,  ia  changed  into  butyric  acid. 

lEtli.  Mucoua  fnRnantotion,  which  sojiar  undorgooa  tUMior  Iba  influ- 
Dco  of  the  "  mtioona  ferment,"  pving  Hm  to  the  mc8|)c  of  carbonic 
hydride  and  hydrogen,  and  tbe  fonuatioQ  of  nuumite,  together  with 
I  jmuliar  gum  an<I  a  miicilu0ni>uj}  anbatanoa. 
as.  Conolnalon.  —  The  differaol  fonaa  of  ^-traentation  are  but 
rcr  mode*  of  tha  naiufaalation  of  tbai  obacora  power  by  whieh 
I  ami  plants  not  only  pnpaio  llie  matoriaU  of  tli«ir  tiaaiina,  but 
wenl«  from  their  organisms  tbe  variovs  producta  of  thair  vital 
Aa  haa  liMm  ihown,  we  have  been  able,  to  a  limited 
ent,  to  acbievo  iu  our  Ubontot^oa  tlto  Mme  Renlta,  and  wo  can  ae« 
I  limit  to  our  iiyntbotJcal  aetboda.    NaverthclMt,  we  have  not  bean 
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Mo  u  7«t  to  prodncs  uij  of  tlw  nateriah  wbidt  main  tip  Um  grmt 
man  of  tho  tUsUM  oS  aU  or^sankcd  heinfft ;  awl  tbi«,  wbioh  i«  troo  «f 
tho  guiD,  starch,  and  wooHy  lilm)  of  pUnu,  is  Irna  to  «  still  gMatc* 
<l«gTee  of  Boch  innt«rifds  aji  albanwn,  cbmhbo,  fdluiiDO,  librine,  etc, 
which  am  the  msin  coD«UMMit«  of  the  aitunal  body.  Id  teganl  to  tht 
eoniiiuHitioii  of  tl>e«e  nitrogeniMd  ooupoutida  w«  baT«  no  knoirMst 
txoc^pt  that  which  may  bo  utitaineil  by  ultimate  analyate:  aml«ltb(Xi(^ 
wo  liavv  uvcry  najtou  to  belicvo  that  fabiro  invwttf^ation  wiU  mvmI 
thoir  iDolociiUr  eonatiluiioQ,  to  for  at  Uivy  ara  almple  ohaniia)  <kud- 
poands,  yot  in  noat  cam*  tha  tubibnet  of  Uiom  bodios  eaaont  ha 
iaoUled  trom  the  ocganie  etnictitre  which  det«niiinM  in  n  gnti 
mnuure  their  di«(loctive  qualities ;  and  not  only  has  man  uarar  hoen 
able  U>  isako  the  aimpleat  OTRanic  evil,  but  ihe  wltulo  proeon  of  ili 
growth  and  dovcJopmiMit  i*  uUciljr  bcjond  the  nui^ of  hia  ooDceptioBiL 
Monorer,  even  in  n^ard  to  thoM  aiingtler  prodncta  of  o«ijuuc  life  wUdi 
we  hare  been  able  to  reach  by  aynthoda,  we  have  &o  knowlodga  «( 
tho  piMMsv*  by  wliidi  thuy  are  fomutd  in  oiganie  notun. 

The  vegetable  kingdoiQ  is  a  great  labofstory.  in  wliich  tbo  ton'* 
mys  niatinracluie  from  the  gaaee  of  the  atmospborv,  and  from  a  few 
earthy  salts  of  the  ioil,  the  dificicnt  materials  winch  the  organic 
buitden  employ.  Tha  aniouU,  unlike  (he  pUnt,  haa  not  the  po««r 
of  forming  tlie  lubclanM  of  itd  tiaauet  trout  iiiai^nnic  oomptmnda,  bat 
it  teorivea  ftom  the  ^-egi-tnhln  Inhoratory  tbn  materials  nyjuir^d  ready 
formnd.  It  tranmnut'V  these  proditcts  into  a  thomaod  shupea  in  oida 
to  adapt  them  to  ita  want* ;  but  its  peculiar  ptovinre  ia  to  awamihl* 
ami  consume,  not  to  produM.  The  uitrogenised  onnipnnnd*  jv* 
rcfi'rred  to  ore  llie  portion  of  itH  fiwd  which  auppltiui  Ihn  ooutant 
wujite  alt««idii){i  all  the  vitjd  procctMia.  Tbo  non-tiitmgcniawl  standi 
nnd  flti^r,  nlthotigh  thoy  form  the  grtoter  port  of  it«  food,  an>  Dent 
in<vr|>»mlcH  inio  the  tiasnes  of  tha  body,  bnt  are  merely  the  fuel  hy 
which  iu  teiDpemtuie  is  naintained.  Here,  however,  Dhentii<>y  atop, 
and  the  acieoce  of  phy»ology  begins. 

In  dosing  lliia  anmmaiy  of  focla,  we  mu«t  remind  the  student  thai, 
as  we  stated  in  the  Introduction,  wo  hare  made  no  nit<>npt  at  earn- 
pletAoeas.  Although  the  chief  ohan«t«ri«tici  of  all  tbo  -Iwm^H 
dunienta  have  been  illnatratwl,  yet  important  elaasM  of  oonponMU 
liaro  bcoo  wspwwirily  left  unnotie«d,  and  thia  ia  eapKJally  tm«  in  tha 
last  diviooB  of  the  book.  Organic  chemistry  prese(il«  aach  a  mt 
array  of  fiicla,  that  tbo  attempt  to  eomprehend  the  whole  faU  mmU 
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aplr  )cn<l  to  eonfti«ion,  and  serve  no  uceful  eniL    W9  h&v»,  there* 

on.  limited  nm^Ivc^  to  tiioae  claMea  of  comjioDuila  wfaow  tnoleuulur 

Qotutii  U  best  uiul«M«od,  niid  our  gmtt  vbjtel  hu  been  t4>  i]1a«List« 

uietlioiUi  by  vrliicli  a  kn»wlc<tgu  of  tliis  ttnictufvi  Iihh  litvn  ii'Ar1i«il, 

,  ia  by  tluwo  tiualio.!*  tlmt  Uio  new  philosu|)hy  of  uliuniUtr^-  ia  chiofly 

usIiRil  from  tho  oU,  uid  to  tluuu  wn  abnll  eapodoUy  direct  tfao 

ont'*  Attention  ia  the  queiitiotis  which  fuUow.    Ue  ahooM  not 

DOkiit  hiiiiacif,  however,  with  simjily  nrawcring  these  queeliou,  hat, 

an  exlwutttive  Btuily  of  all  the  KBotious  whidi  have  bunn  ||;iven, 

by  a  uuiKtant  use  ef  graphic  symbols,  enduavor  to  bcoiaR  iuhacd 

the  spirit  of  llie  (^otvphy  vliiob  it  boa  been  the  object  of  tbii 

to  iUustrate. 

QUESTIONS  AND  PROBLEMS. 
Carbon  and  Oxygen. 

1.  Dniuee  the  lOoniie  weight  of  wTbon,  »nd  aUlc  the  ftxta  ami  ptJDCIiilea 
I  which  the  coaclunon  i*  baMcL 

2.  When  the  jii-oduct  of  thu  combustion  of  ceol  ii  CO,  what  proportion  of 
be  uloriGc  inwr  of  the  fuel  i«  lost  t    (g  66.) 

3^  b  tbe  coiubioatioii  of  CO,  with  Mlditiooal  oarbou  in  patuog  throng 
I  of  fncauJeueiit  coal  ktii-nJfd  with  :iii  evuluiivn  or  an  ahtorptiou  of 
IT    Enliniate  the  amount  of  ibi-  ('iri.-ct  pruluvwl. 

4.  Illiutmtc  by  exampkii,  and  **ak  to  rsliilili«b  by  imotioai*  or  otlicr 
,  thu  oaiboxyl  thuory  of  the  conttitatiaii  of  orKanic  aciib. 


Carbon  and  Nitrogen. 
6.  On  irhAt  facta  u  the  (ymbol  of  qraaegcn  gn  baaed  ? 

6.  In  what  rapecti  doe*  SCj  iceemble,  and  bow  doe*  it  differ  from,  the 
ingfa  acicU  of  the  eblorlne  group  ? 

T.  Vhal  ia  the  dlilfaielloa  between  the  two  cle«w  o(  da«bl«  metallic 


8.  BeprcMRt  by  Rtnpblc  ^mhols  tho  conatitntloB  of  Mvetal  of  the 
compounds  df  cyaaogen,  including  ilu  ferro-  ud  lent-cj'aiiides 
fitl  potanuuni. 

ft  Ctvi.  when  in  Rolatioii  in  water,  change*  into  ammonic  ccrbooate. 
Write  the  roactiou. 


L 
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Carbon  and  Bjrdrogan. 

lOi  la  «!uit  unM  do  auuctunl  ajmbob  npraMut  Um  molccolw  ntni-jtait 
of  a  cotiijioutiil  I  What  in  uuonl  bjmjrkg  liat  U1C7  ''ffoenUa»"ot*jn- 
fl^iire  "  [KMnible  reactioiu  I 

11.  tn  nbat  rrapecta  «r»  t]i«  ftimf  and  motltoda  in  oifjaaic  cbcaDkby 
diffoRat  from  tboM  in  rainenJ  chtmhtryl 

18.  Esplnin  the  diitiucUon  between  an  open  umI  a  doaed  chain  of  cariM 
atoms. 

13.  Huw  mniijr  (Meiilialljr  iMenml  modM  of  gK>s[iCiig  am  [MMwtila  with 
tn  open  carbon  chain  of  four  atom*,  owunilng  tlut  no  atom  i«  unitwl  to  mj 
one  of  ita  iiatglibora  by  uon  Ikan  ooe  buDd  I  IIow  man}',  wltli  ■  alukMi 
of  Ave  Atom*,  etc.  t 

14.  DcoJace  tbe  gmtnl  tjmbtA  of  a  hydnxaAoD  tmtuti  aramMl  a  m- 
gI«iis  of  ctf  boo  atoms  unitod  a*  dc«ctib«d  in  tbo  Ivt  axantplo^  and  afaow  thai 
Ui«  nanbor  of  hydrogoo  atoma  ia  *ncli  a  ooinpo«&d  •lepmda  Okly  on  Uw 
number  of  tlie  oarboa  atomn,  and  is  indeponilcnt  of  tli«  rooJo  of  gMuping. 

15.  An  additiora  of  one  alom  of  carban  to  the  nucleus  JbtoIvos  tbe  adill- 
lion  of  hnw  roaiij  alous  of  hyilngen  to  ibc  bydtocatlwtiT  Define  an 
homologous  scries. 

16.  now  many  eseratinlly  different  inod««  of  grooping  era  poaatble  with 
an  open  carbon  chain  of  four  otnnw,  when  two  of  t]i«  atnomi  mn  iinlleil  hf  a 
doable  or  by  a  Inblo  bond  7    How  many,  with  a  Bkdcton  of  fin  atansT 

17.  What  U  tbe  effect  of  increanioR  the  number  of  bouda  tmwui  tli« 
carbon  atoms  of  the  nucleus  on  tbe  uuiuIkt  of  bydrogen  Uoms  in  tbe  eon*- 
apondiu^-  bydrucarbon  molecule  ?    Define  an  isologDas  aeriea. 

Iff.  Is  the  nnmber  of  S  atoms  tn  tbe  molemle  of  a  )iydn)Cai1)OD 
nrily  an  oTcn  nnml>cr  I 

1ft  Make  &  table  of  tbe  povibtc  bj-JrocarboD*  in  seriet  of  honnelcso** 
and  i«<)Ioguea.  Wby  is  it  that  Huck  a  table  does  not  pn»ent  all  th«  paid- 
biiilios? 

90.  How  many  enwntinlly  lUffmnt  modes  of  gionplug  an  poadUa  )H& 
the  liydrocnrbDns  C,/r„,  C'^/w,  and  C^fI^7 

tl.  n'bot  is  the  dlttiBCliou  between  •  saturated  and  a  ficniitnialrd 
totnpound  t  lUuMnl*  by  tbe  letstiooa  of  tbe  i-'-'Bi't^  r>liiiif.  nd 
MetylcoeSk 


I 
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SS.  Why  doea  a  great  inteiest  attadi  to  methodB  of  eynthesu  in  oij;aiuc 
chemietry  f 

23.  How  can  the  sfntheaia  of  a  bydiocarbon  be  effected !  Take,  as  exam- 
pHCjff,  uudC',//,. 

24.  IlluatmU  the  meaning  of  the  terms  addition  produelt  and  tub$tituti<m 

producU. 

SS.  By  what  methods  may  compound*  be  obtained  in  which  one  ot  more 
atoma  of  chlorine,  brumine,  or  iodine  are  substituted  fur  a  correspondiug 
number  of  hydrogen  atoms  of  a  hydrocarbon  7 

£6,  Describe  the  feature  in  the  titructure  of  the  ttireu  isomers  of  butyl, 
O^Hf,  to  which  the  respective  names  [432]  are  applied. 

S7-  The  compound  C^H^Cl^  has  four  isotoen.  Point  oat  the  peculiar 
feature  in  the  structure  of  each.    [434.] 

28.  Define  the  terms  aUdhal,  glycol,  glycerin*,  aUldiyd*,  ketoru,  and  point 
out  the  peculiar  feature  in  the  structure  of  each  of  these  clasaes  of  com- 
pounds. What  is  the  characteristic  feature  ia  the  structure  of  an  organic 
acid  I 

88.  Define  the  three  classes  of  atcobols,  and  describe  their  characteristics 
of  structure.     By  what  reactions  may  the  three  be  distinguished  1 

30.  How  may  the  synthesis  of  ordinary  alcohol  from  elementary  sub- 

Btonces  be  effected  1 

31.  What  relation  do  the  different  clasaes  of  ethers  sustain  to  the  alco- 
hols?    [4Slto45S.] 

32.  Explain  the  use  of  the  term  earirinel,  and  the  advantages  from 
adopting  it. 

33.  Do  the  reactions  given  in  §§  469  and  470  establish  the  stmctnie  of 
the  alilL'liydcs  and  ketones! 

34.  Explain  the  relation  of  pinakone  and  pinakoline  to  ketone. 

30.  By  what  general  reactions  may  acids  be  obtained  [467,  468,  and  46&JT 

36.  What  classes  of  compoimda  may  be  derived  from  acids  by  simple 
replacemento?    [470  to  471] 

37.  On  what  does  the  basicity  of  an  acid  depend,  and  how  may  it  be  de- 
fined I  Give  characteristic  examples  of  monobasic,  dibasic,  and  tribasic 
adds. 

38.  Explain  fully  the  relations  between  a  monobasic  acid,  an  aldehyde, 
and  a  primary  alcohol. 
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3S.  How  may  &  monuWIc  aeld  he  coamtti  iuUt  «a  nlcoliol  T 

■10.  n;r  whftt  g«nr»l  •mc*  o(  rrjutiotu  can  wc  poia  (nxu  ODC  ful  mdd  U» 
tiie  nest  liigber,  nutl  Irutn  one  nlcoliol  to  die  oexX  Liglxf  in  llm  hum  Mttlcif 


I 


41.  Writo  a  Kde)  of  naocliinit  bj  whicli  l)Utj-tJo  add  nu;  be  nuiv  fixia 
dvineti(ai7  euliaUncea. 

43.  Ponillcl  to  tbo  snic*  of  fat  oeida  w  »  Mii««  af  luuMiiMtttl  uUi|  tf 
wbirJi  ocryliL-  adil  i*  ibc  lim  mctiiber.  Make  a  tnbUi  vbowiii];  tlie  nblkM 
of  ibcH.'  two  doMMs  <if  compound*.  How  may  a  ci>ni]M>)iad  <if  lb>  actylic 
ovriiu  l»  cuiit'crtisl  iiito  Uic  comqiaaidinti  compounil  of  tbe  bl  fuitu  I 

43l  ExplAin  ihe  roltttioina  of  «ut«inic  uA  hetweMn  add,  and  Mbow  UiM 
vltli  dibaaic  acids  iwiueriam  luny  mult  fnai  Iwu  dilTvKUt  chuma 

44.  Duvwa  the  niudure  nf  fiimnric  and  maldc  acid,  mmI  abow  ilisi  II  n 
beet  liijiluiniil  no  tbc  pHiiiniplion  thut  oii«  of  the  otanu  of  CArbon  it  UralcoL 

4A,  Explain  tbe  rtnu^tunl  ftAlure*  on  wblch  atomicitj  ami  baiUlv  it- 
pcnd.aiid^civccxanipluaoracidii  wbrncatuBiicrtviiihTett^rlliati  tbe  bandtfi 
iududiDg  lactic  odd,  nudic  add,  tuHArio  acid,  aiid  dlrie  acid. 

4A.  Point  out  the  diOisnnce  at  Rtniotiira  bttweeu  bclJc  and  jiumUiIIi 
ftciti,  atid  make  doar  the  reluiktui  on  whkh  tbo  uoHurirai  dejwtKU. 

47.  Dofine  and  illniitnte  by  example  tlie  temu  Mdifi*  and  bbw 
4teiiU. 

4(L  OMnpore  tbr  lulpliar  whh  (be  oomspoadiiiK  ox<rgea  cniapnuihb^  anl 
pnint  ont  thn  change  of  idatMWc  whtch  tlie  aubBUtutioo  of  ntlpliur  1M 
01)^11  pnxlucen. 

4a.  What  U  th«  «vi.l«nc«  that  tha  Mdical  CX  ia  K-CN  diSett  &«■  in 
iKma  in  Af.ycJ    [-)»5to4U6.] 

fid  Compttn:  bocf  oitic  eihcr  and  eruaie  etber,  and  giw  tbc  ct-tilnK*  uf  a 
ttmctaml  diBrrcoce  W-twivn  tbiuc  two  iaomen.  Tram  beck  Uii>  diffmoin 
to  the  bodie*  ttora  wliich  the  two  products  are  obtained.  Tq  wbot  cba  af 
coniHnwda  doea  laoeyiuiic  elber  bdongt  Wbit  mBM  be  the  atrueluiitii 
common  potawin  cyanide  and  pouwde  cyaiiate  I  How  ia  tbe  fbnnalJiB 
ot  niw  fnna  ammonic  cyonate  tba*  cxplaiaed  | 

61.  Expbda  tbe  rdatiou  of  th«  aulpbocyaaatet  md  ibe  noatud  dlL 

8Sl  AMDinbig  that  the  b«»nl  ring  b  a  cIomkI  chain,  na  TttpnteateS  \ij 
(SOT^  can  you  unite  the  <«bo&  ntnmi  n-nnnetfioilly  )-y  tlw  wnc  niunlat 
of  banda  in  any  othw  way  I  U  t'^,  funtu  au  open  cbau^  lunr  oauU  Ibi 
carbon  atonia  be  gitiuped  I 


* 
« 
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03.  The  homologue  of  benzol,  C,Bif,  U  capable  of  what  iaomeiic  modifica- 
tion I  Explain  the  TeUtions  of  ortho,  meto,  and  para  compounds  among  the 
aromatic  isomers. 

a.  Explain  the  distinction  between  the  ring  and  the  side  chain. 

S5.  Discuss  the  possibilities  of  isomerism  in  each  of  the  three  subatitation 
products  monobrombenzol,  dibrombenzol,  tribrombenzol,  and  tetrabrom- 
benzoL  Show  that  by  onmbering  the  carbon  atoms  of  the  ring  the  several 
possibilities  may  be  easily  expressed. 

66.  Give  Beilstein's  law,  with  an  example  of  its  application.    [012.] 

67.  How  many  isomeia  of  CjII,Br  are  possible  1  How  may  they  be 
obtained? 

{iS.  What  is  the  structure  of  s  phenol,  and  what  are  the  reliUbns  of  these 
compounds  7 

59.  Write  the  graphic  symbols  of  the  three  isomeric  modifications  of 

60.  Compare  the  relations  of  benzoic  alcohol,  benzoic  aldehyde,  and  ben- 
Eoic  acid  with  the  similar  relations  in  the  fat  series,  and  show  that  the 
transfer  of  the  hydroxyl  group  from  the  side  chain  to  the  ring  determines 
an  entire  change  of  telations.  What  are  the  three  isomers  of  benzoic  alcohol 
thus  produced  ? 

61.  Write  the  reaction  by  which  benzoic  acid  is  made  from  hippuric  acid. 
(§319.) 

62.  Give  the  graphic  symbols  of  the  three  isomers  of  toluylic  add. 

63.  Point  out  the  relations  of  cinnamic  to  acrylic  acid. 

64.  Show  that  salicylic  acid  and  its  isomers  illustrate  the  distinction  be- 
tween atomicity  and  basicity.   Why  are  there  three,  and  only  three  isomers^ 

65.  What  is  supposed  to  be  the  characteristic  feature  in  the  structure  of 
the  quinones  P  What  is  tlie  evidence  on  which  the  opinion  resta?  Write 
the  graphic  symbol  of  the  quioone  C,ff,Oj.  What  is  the  evidence  for  the 
position  you  give  to  the  oxygen  atoms? 

66.  How  may  phenol  be  prepared  from  benzol?  What  is  the  nature  of 
the  compound  which  forma  the  intermediate  step  in  this  process? 

67.  Can  the  nitrobenzols  be  reganled  as  nitrites  ?   (§  310.) 

68.  Compare  [919]  with  the  production  of  hydroquinone,  and  consider 
whether  we  might  not  reason,  as  in  $  488,  in  regard  to  the  relation  of  0,  in 
the  group  NOf. 
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TABLE    I. 

FRENCH    UEASUBES. 
Meantret  of  Length. 


1  Kilometra 
I  HeclonietcB 
I  Dectineirs 
1  Unn 


1000  M«trw. 
100 
10 
I 


I  Metre 
1  Dedmeira 
1  Ceotimetn 
1  MiUimctn 


1.000  Metn. 
0.100      " 
aoio     " 

0.001       " 


I  KUomeln        ^ 
1  Melr«  = 

1  CeiilinMt7«      =: 


0.61U  UBe. 
3.SB09  Few. 

0.3937  £icb. 


LogivlUiml. 
S.TB33  71S 
O.&1S9  930 
S.5951  719 


At.  Co.Lo« 
0.30fi6  188 
•.«M0  070 
0.4048  IftB 


Tba  metre  is  one  ten-millioDtli  of  ft  qiuulnuit  of  the  globei 


Meatum  of  Voivme. 

1  Cnbie  Mem  mt*    =    1000.000  Litie*. 

I  Cnbie  Decinem     dTm.*    =  1.000      " 


1  Cnbie  CentimetTe    o.  m.     ^ 


0.001 


I  CnUcHetie  ex3S.3I6S0  Cnbie  Feet. 

I  Cnbie  Dedmctn    i^eLOlTOB  Cnbie  Inchei. 
1  Cnbie  Ceniimetre  =  0.06103     " 
1  Litre  =  0.S20I7  GdloD. 

1  Lilr«  =   0.88066  Qiurt. 

1  Litra  ai   1.76133  Finn. 


IiOpflthBH. 

1.M79  790 
1.7855  >a8 
8.7891  316 
9.3437  581 
9.9448  083 
0.3458  407 


ir.Co.Laf. 
8.4510  910 
8.9144  774 
1.SI44  774 
O.S573  4I9 
0.DS51  917 
g.TMI  SB3 


FRENCH    WEIGHTS. 


I  Kilogramme    =  1000  Qrammet. 
I  Heciogramme  :=    100         " 
1  DecHKnmme  ^      10         " 
I  Gramme  =        1         " 


I  Gramme  ca  1 .000  Onmn^ 

I  Decigremrae  =e  0.100  " 
1  Cendgramnie  =^  DJ)10  " 
1  MiUigrunme   •=  0.001        " 


1  Kilogramme  i=   9.90463  Ponndi  AToirdnpoi*. 
1  "  =.    9.67939       "        Troj. 

1  Gramme        =  1 5  43335  Grunt. 


Loiprilhiu. 
0.3433  337 
0.4380  0B3 
1.1B84  391 


Ai.  Co.  Lo^ 
9.6566  663 
9,5719  917 
8.8)15  679 


I  Crilfa 


0.089978  Qrammet. 


8,9513  014    I.04T7  986 


TABLE  IL 
ELEMENTARY  ATOMS. 

ALFBASETIQAL  usr. 


Aluminum, 

Al 

27.0  * 

HolybdeDom, 

Ho 

M. 

Antimonj, 

Sb 

120.0 

Nickel, 

Ni 

58.8 

Arsenic, 

Ab 

75. 

Nitrogn, 

N 

14.0 

Barium, 

Ba 

137.1 

TXarwegmmlt) 

Kg 

I4S.S ! 

Bismuth, 

Bi 

210.0 

Osmiom, 

Oi 

199.3 

Boron, 

B 

11.0 

Oiygen, 

0 

16.0 

Bromine, 

Br 

80.0 

PallBdinm, 

Pa 

IO«.S 

Cadminm, 

Cd 

112.3 

Phoaphom^ 

P 

81.0 

Ctesiam, 

Cs 

133. 

Platinnin, 

Pt 

191.S 

Calcium, 

Ca 

40.0 

PolagMiun, 

K 

89.1 

Cixbon, 

C 

12.0 

Rhodiom, 

Bh 

104.  t 

Orium, 

Ce 

1«.0  • 

Bubidium, 

Kb 

85.4 

ChlDriiie, 

a 

85.S 

fintbenioiD, 

Bn 

lOt.4 

Chromium, 

Cr 

62.2 

Saaodium, 

8c 

44.    • 

Cobalt, 

Co 

GS.8 

Seleninni, 

8e 

79.9 

Coliunbinm, 

Cb 

Bi. 

Silicon, 

Bi 

23. 

Copper, 

Cu 

63.3 

Silver, 

A« 

lOS.O 

Decipium  (T) 

Dp 

1S9.     • 

Sodium, 

Na 

23.0 

Didymiuro, 

D 

HO.     • 

Strontium, 

Sr 

67.  S 

Erbium, 

Er 

167.     ■ 

Siilpbor, 

3 

32.0 

Fluorine, 

F 

19.0 

Tantalum, 

Ta 

182. 

Gallium, 

Ga 

70,0  ■ 

Tellurium, 

Te 

128. 

Glucinum, 

Gl 

13.8  • 

Terbium  (t> 

Tr 

171.  )• 

Gold, 

Au 

1S7. 

Thallium, 

Tl 

■204.1 

IlolmiumffJ 

Ho 

162.  ?• 

Tboriutu, 

Th 

231.4 

Hj'drogtn, 

H 

1.00 

Tbuliam  (f) 

Tm 

170.  !• 

Indium, 

In 

113,7  • 

Tin, 

Ba 

118. 

loiline, 

I 

120.8 

Titanium, 

Ti 

50.0 

Iridium, 

Ir 

192.7 

Tungsten, 

Wo 

184. 

Iron, 

Fe 

56.0 

Unnium, 

Ur 

120. 

Lanthanum, 

U 

139,     • 

Vanadium, 

V 

SI.3 

Lend, 

Pb 

206.9 

Ytterbium  (T) 

Yb 

173.  (• 

Lithium, 

Li 

7.0 

Yttrium, 

Y 

91.   !• 

Magnoaium, 

Mg 

21.0 

Zinc. 

Za 

6^.3 

Wnnsnni'se, 

Jin 

E5.0 

Zirconium, 

Zr 

89.6 

Mercury, 

Hg 

200.0 

'  Oa  tlw  ummpOoD  Uut  Iha  ;Tlncl|ial  oilili  li  Jt,C^. 


TABLE  IIL 
SPECIFIC  GRAVITY  OF  GASES  AND  TAPORS. 


Hum. 


Air 

Hyilrogen . 


AMtylic  >f vJriiic  (Aldi^bjdc). 

Aeetylic  Chloride    

Apetic  Anhydride    

Acetic  Acid 


Alundnic  Chloride 
Aluniinii:  itiDinide 
Aluniinic  Iodide  ... 


AntimonioDS  Chlorido., 

AiiUMioiiioui  Otide 

Triethyl=libiue 


Areenic 

Arafniuittk'J  llydrogeD. 

Anenioua  I'hhiride 

Aneuious  ludide 

AneniooB  0»da 

TrieUiTlandne 

Kukodyl    


BiamuIbouB  Chloride  . 


Baric  Mfthida  ... 
Boric  Kthide  ... 
Boric  FliioriJo ... 
Boric  Chloride... 
Boric  Brviiii  Je  . . . 
lilulhylic  Rumte 
Cthyfic  Horate... 


Bromine    

Hydrobro[iiic  Acid 

Ciidniiiim 

Codmic  Bromide  ... 


Carlionic  TetrachloridB   ... 

t'hoJ^tit!  Gjta 

IHcarbonio  Htini'hloride 
Ttiriirlioiiic  Tetmcliloride 

nicnrhonic  I>ithluride 

Culxinic  Oiido    


SjmboLi. 


C,H.O 

c,h,ik:i 

C,H,(,), 
C,H,U, 

Al^l, 
AIjBr, 

aV. 

SbCI, 


AjIS, 


Aot 

Asci; 

A»li 

Aa^Og 

A»(CgH,), 

A^CH^, 

Bin, 
B,e^<, 

BCI, 

BBr, 

(CH,),0,B 

Br, 
HBr 

Cd 
CdBr, 

CCL 
COC^ 


Ale  =  1. 


1.000 
0.0693 

1-632 

2.87 
3.47 
2.083 

B.34 
18.62 
27. 

7.8 
10.8 
7.23 

10.2 
2.695 
8.3 

ia.i 

13.S 
B.29 
7.10 

11.35 

1.031 

3.101 

2.37 

3.S42 

8.7S 

3.59 

5.14 

5.54 
2.71 

3.94 

9.25 

S.415 

3.399 
8.!, '7 
E.82 

0.067 


o„  n,    iH»lf  Md- 


14.43 
1.00 

22.10 
41.42 
50.07 
30.07 

134.8 
268.7 

ssa.a 

112.7 
285.7 
104.4 

147.2 
38.90 
U0.90 

■232.4 

196.8 
76.35 

102.5 

103.9 

27.90 
49.10 
31.20 
56.85 
120.8 
51.80 
74.20 

70.50 
39.10 

50.  S5 
133.5 

78.14 

49,00 
U7.7 
34.00 

13,95 


1.00 

22.00 
39.2^ 
61.00 
30.00 

133.5 
207,0 
407.4 

113.2 

388.0 
103.5 

150.0 
39.00 
90.75 

227.7 

108.0 
81,  (to 

105,0 

158.2 

28,00 
49.00 
34.00 
68,75 
125,5 
.'i2.('0 
73,00 

80.00 
40.50 

66.15 
136,1 

77.00 
49,50 
118,5 
83.00 
47.50 
14.00 


riLLuuf 


1.1593 
O.UOOO 

1,3424 
1.5938 
1.7076 
1.4771 

3.1255 
2.426i) 
2.0100 

3.0540 
2.4694 
2.0149 

2.1761 
1.5911 
1.9578 
2.3574 

2,2087 
1.90SS 
2,0212 

2.1994 

1,4472 
1.8902 
1.5315 
1,7690 
2,0986 
1.7180 
1.8833 

1.9031 
1.6079 

1.7493 

2.1340 

1.8865 
1,8»4« 
2.0737 
1.9101 
1.8707 
1.1481 


t  II)  xLlIni;  tn  Lbi'w  loOTriihdu-  Ibd  ceutant  S,9G29  wa  obbilD  Iba  loguithnu  of  Uh  mlfht  In 
inmaiMtiUHbruudwil«ODdlUoa>)<ifi>iMUmafiKhiiu«n|ur,    [S«(*c*TO,) 
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TABLE  III.  — Omrt-wJ. 


CtobHifc  Oiuide. 

Cbrbonie  filuilpUda 

Cliloriii*    „ 

lt}Uti»l>loric  Acbl  .,. 

C1immt«  Oxkhlorido 


Coliimbie  Cliloricia 

L'alulnbio  Uzich1uliit«., 


Cuprous  Cli]«iriile. 

i>«nl^{ni  Om v.< 

rj'HWil^'ii  rliluK<l« , 

''fuiic  Acui  ..........n 


Ktlij-1 

KihjiLc  (liloriile L,.^.... 

Klliylic  n<idp  (EtIietJ    

Etliflk  lly.lraM  <Ali>oh«l)... 


Riliylrnn  [Olvdnnt  Cm) 

Kiliylriii-  I'liluridu   .,.„ , 

Klliyl?i[(  Onlilo    , 

Kthyl«iiu  llydnte  (Glj«ol} 

trrtie  CitUnAe    , 


Iodine  briaw  7(ilfi  . 
I)»dlinaloiv14D0^, 
HydjinlU-  AcU    .... 


Lidiuin  ChloruW . 


Hlf'lliyl  iTiluriito  ......h  „ 

Mrllivl  HfumiJc „ 

Mrtlijl  luOitle „ 

Chlon)fc<ni   


Mereui^     

M  nmne  Cthidn  

Mtfimtw  Mi-tiildB   „ 

Hcpnirw  ftronililn   ,. 

litrenrie  Inlld*   

U«n:un>nii  Cbloriile.. 


..£... 


Molrbdic  Chloride 

Nilrejjfn  ._,.„.„.„ 
AiiimoinM 


amb*. 


CO, 

CriVl, 

C14-I, 
fWK.1, 

HCI? 

csa 

CNOll 
(VH, 

V 

m 

PbCl, 

CH. 
CH,'I 
fll.Br 

(:H.( 
CHlli 

H« 

HjriCjv, 

n«Br, 
HfcCi, 
UoOi 

Mia 


l.»B 

3.e«s 

2.11 

I.S7 

S.S 

*.« 

7.» 
T.M 

4.M7 

&U 

1.60 

£00 

!:.2i* 

s.u« 

1.<U 

0.»7S 
3.HS 
I.4« 


n.t4 

S.TI6 

<.« 

*.HS 

1.78 

P.S 

g.e 

O.U7« 

1.780 

9.1GS 

4.  ess 

I.XO 

<.BT6 
9.tt1 

13  la 

ISO 
0.40 
O-GSl 


tt.oa 

S8.17 

35.  S3 
)8.S3 

70.4 

13S.a 
114.0 

101.7 

JM.n« 
I3.e7 

B0.74 

S8.M 
l:t.«v 

S7.S1 
S3.S8 

14.11 
4V,DU 
20.83 


100.7 

I3S.7 
Ml4 

04.13 

113.8 

1!I7.1 
liUl.0 

8  0S 
36.06 
40-8S 
T0.47 
M.S4 

I0O.T 
14»,» 
II9.S 
Itl.& 
I7».« 

mkt 
is«.e 

14.00 

e.58s 


tV.lcl.1 


2S.0O 
M.00 

35.  no 

77.00 

135.7 

108.8 

r 


Li*. 


1.94SI 

i.srilt 

t.GSOl 
LMIS 

i.gh: 

S.133C 

1.W4I 
1.I1M 


'.f'.:  .'•I  'i,3;>Xl 


SAW 
n.!tt 
S7.MI 
33U4I 

14  00 
4!>.M 
SX,00 

si.oe 


i.4ni 

I.MII 

I.  MM 

I.KIT 

I.t4ft 
I. AMI 
I.S434 
I.4U4 


103.5      K.ftO« 


1X4.8 

110.1 

!««.» 
13X5 

8.W 

4T-S« 
70.M 

3».Tfi 

10«.« 
1S».0 
1I5.« 
tS5.5 
1»0.« 

KT.« 
2U.S 

138.3 


1»>1 
LtUI 
I.BOU 

1.041 1 

l.t4S7 

SJIM 

iLven 

1.40S> 

I.«7«. 

i.atM 

i.7r«i 

toon* 

t.1IM 

3.0007 

KOtS 

tnn 
ixat 

I.1)U 

t.ttat 

II.BSV4 


TABLE  III.— C<nt{inu«ii 
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Mrthylamine   

Aniliue 

Nitiiju^  I  IjiiJe  ..,....^^.^.-'.-' 

Nitric  Oxide 

Nitric  Petoiide    

Ounic  Tetroxidi 

Oiygen 

Aqueous  Vapor    

rliojjfilioriis .,., 

HLuijiljurPtleil  Hjilrogen  ,. 

l'liOH)ilionu  Cliloiidi!  

Pliosplioric  Oxichlorids 

Phcwjihoric  SulphoctiloriiJe 
Oxids  of  Triethylphoephino 

Selenium  at  771°  

Svleniuretted  Hydrogen 

Silicic  Mpthide 

Silific  Ethide   

Siliuie  Fluoride    

Silicic  Chloride    

Ethy lie  Silicate   

Stannic  Ktliide 

atHunic  Diniethylo'diPtUido 

Stannic  Chloro-trii'tliide 

Stuunic  Dichtoro-diethide  ., 

Stannic  Chloride 

StiumouB  Cliloride  

Sulphur  above  860° 

Suliiliur  at  450°   

Siilj.liuri'l.li'.l  lly.liT.j(ui] 

Suljtiiurou?*  Oxiji; 

.Sul|i!iurit  Oxide  

Sul[ihtjrylic  Chluride  

Tantolic  Chloride 

Thttlliom  Chloridfl  

Titanic  Chloride 

Tungsten  Pcntachloride 

Timgalvn  I  li'iachloride  ..  .. 
TungHton  Oxichloriile 

Vanadium  Tftrachlnride 

Vanadium  Uxichloride   

Zinc  Mcthide   

Zinc  Ethide  

Zinc  Chloride  


BiDbob. 


NHjfCH.l 
NH,(C,h,) 

ub 

NO, 
O1O4 

^%. 

&, 

pocT, 

PCl- 

PSCJ, 

PO(C,H^, 

Se, 
HjSe 

Si(rH,i4 

Si(CoH,i, 

SiV. 

8i<'C 

Si04(CjH,), 

SnfCjH,), 

Sn(CH,X,(l.iH,), 

8n(r,tl.>,Cl 

Sd(C,H,),C1j 

SnCi, 

SujCli 

I: 

80j 
SO, 

SOjCl, 

'  TaCI, 

Tin 

TiCI^ 

WoCI. 

WoCl, 
WoOCl( 

Van, 
VaOCI, 

Zu(rH,), 

Zn  ((■.,«,), 
ZnCl, 


J&p.  Bi. 
Alr  =  l. 


1.08 
3.21 
1.527 

1.038 
1.72 

3.89 

1,1058 
0.6235 

i.i2 

1.712 
5.3 

G.88 

4.e 

6.68 
2.7SS 

3.083 
6.13 
3.  BOO 
6.930 
7.32 

8.021 
6.638 
8.430 
8.710 
9.199 
13.03 

2.23 

8.B17 
1.191 
2.234 
2.763 
4.67 

12.8 

8.2 

6.836 

12.7 
13.3 
11.84 

6.69 
6.11 

S.2S 
4.26 
4.57 


Hb-Ot. 


uiirMo- 


16.59 
46.33 
22.04 
14.97 
24.82 

128.3 

16.9S 
8.998 

63.78 
17.09 
63.44 
78.49 
84.86 
66.39 

81.96 
40.33 

44.49 
74.03 
G1.9fi 

85.72 
10S.8 

115.8 
B8,68 
121.7 
125.7 
132.7 
188.7 

32.18 
95.60 
17.18 
32.24 
39.87 
87.39 

184.7 

118.3 

98.86 

183  2. 

190.5 

170.9 

96.51 
88.18 

47.47 
61.48 
66.95 


15.50 
46.50 
22,00 
16.00 
23.00 

131.6 

18.00 

9.00 

82.00 
17,00 
88,75 
76.75 
84.75 
87-00 

79.20 
40.60 

44.00 

72.00 
52,00 
85.00 
104.0 

117.0 

103.0 
120.2 
123.6 
130.0 
189,0 

32,00 
96,00 
17.00 
32.00 
40,00 
67.50 

179,7 

119,8 

98.00 

180.7 
193.5 
171.0 

S6.66 
86.90 

47.60 
61.60 
68.10 


rittiiiH. 


1.1903 
1.6675 
1.3424 
1.1761 
1.3617 

2.1193 

1.2041 

0.9542 

1.7924 
1 .2304 

1.3373 
1.8851 
1,9281 
1.8261 

1.3987 
1.8086 

1.6435 
1.8573 
1.7160 
1.9294 
2.0170 

2.0632 
2.0128 
2.0799 
2.0917 
2. 1 139 
2.2765 

1.5051 
1.9823 
1.2.^04 
1.6051 
1,6021 
1,8293 

2,2546 

2.0735 

1,9823 

2, 2670 
2,2973 
2.2330 

1.9852 
1.9390 

1.6778 
1.7696 
1.8331 


s= 

St 

^^ 

■ 

■r 

BS 

w^ 

a 

■^ 

IS 

la 

■P 

^t 

ir 

« 

^^ 

>• 

1     fiF 

XkM 

«■ 

■V 

a^ 

n« 

n^ 

nv 

•r 

MKT 

ar 

91 

5S" 

n» 

tt 

<: 

u 

u 

•*< 

n 

Ml 

U 

u 

u< 

u 

u 

u 
u 
u 

ar- 

«A 
I* 


■~  -    i 
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(.  ..:!;■■  4 
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TABLE  7. 
HEAT  OF  COMBINATION. 


lUm. 

CouUkmbU. 

CoadlUoa  of  Pndost 

Potassie  Chloride   

Alnrainic  Chloride 

Hydrobromie  Acid 

H  +  a 
K  +  a 

Mg  +  Cl, 
Al  +  Cl, 
H  +  Br 
H  +  1 

a  +  o,+  H 
a  +  o,  +  K 

H,  +  0 
K  +  O+H 
Na  +  0  +  H 
Mg  +  0,  +  H, 
H,  +  0, 
H,  +  3 

N  +  a, 

H,  +  N 

N  +  H«  +  a 

N,+  H4  +  0, 
N,  +  0 
N  +  0 
N,  +  0, 
N  +  0, 
N,  +  0, 
N  +  0,+  H 
K  +  N  +  0, 
Na  +  N  +  0, 
Ag  +  N  +  0, 
8+0, 
8  +  0, 
8  +  0.  + H, 
K.  +  S  +  0. 
N»,  +  8  +  0, 
Zn  +  8  +  0. 
Cu  +  S  +  0. 
P,  +  0, 

+  S2.0 

+  8.4 
—  8.2 

+  59.4 

+  4.6 
+  26.7 

—  18.0 
-43.3 
-85.6 
-24.5 

—  41.6 

+  69.1 

+  69.0 

—  38.1 

—  18.8 

—  20.0 

—  39,8 
+  19.8 

+  193.0 

SoJtd. 

+  105.6 
+  151.0 
+ 180.9 

+  94.6 

+  70.4 

+  101.8 

+  102.8 

+  218.0 

+  91.2 
+  80.7 

-31.6 

+  B7.0 

+  88.8 

+  8.6 

+  103.6 
+  194.0 
+  342.2 
+  328.1 
+  233.4 
+  182.8 
+  383.8 

+  39.8 

+  101.2 

+  187.0 

+  237.8 

+  28.1 

+  13.2 

+  22.6 

+  116.8 
+  112.1 

+  16.6 
+  9.2 

+  36.2 
+  87.3 

-14.8 
+  27.1 

+  76.8 
+  111.0 
+  210.0 
+  338.2 
+  327.2 
+  252.0 
+  199.1 
+  405.4 

Hignesic  Hydrate 

Nitrogen  Chloride 

Nitric  Oxide  

NitToun  Anhydride    ... 

Nitric  Pcntoxide    

Sodio  Nit[«t« 

Potaeaic  Sulphate  

I 


'.'  +  0, 

+  Btt 

i 

_- ht-.t.». 

C  +  0, 

■f  97.(1    

ri.*.     -JM 

=  _■>-. 

C  -f  0 

■f  2B.0 

^  — »»^IM)II* 

C  +  0 

+  28.0 

i.-.       Sk^ 

^  .-««UxBd.... 

Si  +  0, 

Si  +  0, 

8n  +  0 

Sn  +  0- 

Q_^,<xiil<i 

Fe-f  0 

Th  +  0, 
Mn  +  O 

Hn  +  0, 

LSu.  >>xnle   

Zo+O 

Cn  +  0 

Hg  +  0 

Agj  +  O 

'Bw^iituniuB  Chloride  . 

P  +  Cl, 

+  68.8 

+  75. 

'B>»tniu(ii.'  Chloride  ... 

r  +  a. 



iiMl^rU'  Oiichloride 

p  +  a,  +  o 

+  142. 

'■•UU^Mt 

CH-N 

+  11.0 

C  +  N  +  H 

+  l*.l 

—  6 

^uuMi'  I'vsmile    

C  +  N  +  K 

LOGARITHMS  AND  ANTILOGAEITHMS. 


^^^^^B 

IS 

IWt'  ITW) 

lfll> 

ten 

isra 

1^1 

^m 

^m 

^m 

Vt?l 

J  «*( 

^^^^^^H 

10 

lOil   30«>i 

209J 

2123 

11 4» 

^UBHHHHB^o 

Sl    5    i 

^^^^^^H 

17 

2301 

2330 

S3S9 

2380 

240.S 

24M 

itsif 

'SiSJlftY 

"tSXS 

2'   S-. 

^^^^^^H 

18 

25^ 

25T1 

SOOI 

2«U 

WIS 

3072 

26S5 

S7I5  1712 

27ti 

2  6  : 

^^^^^B 

19 

ns» 

2810 

t»» 

28M 

1879 

3900 

2923 

3943 

1M7 

3989 

2    t\   i 

^^^^^B 

SO 

3010 

8032 

SOiJI 

307S 

30M 

3118 

3139 

3100 
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CONSTANT    LOGARITHMS. 

Loam-  At.  Co. 

ttttanu.  Idc. 

Circumf.  of  circle  wbenB  =1,  (2)r   =   65882)  0.7932  D.a>IB 

u         ..      .1         "      D  _  1,  (t    —    8.141S)  0.4971  9.50S8 

Area  of  uircle  when       ff  —  1,  (n    —    8.U16)  0.«71  9.iOa8 

I)"— 1,  Q    —    0.7854)  9.8951  0.1049 

1.0991 

Sarraceofipherai*henii*=l,  (4.1—13.5664)  1.0S92  8.9008 

u       »      u          »       iJ"  — 1,  (t    —    3.U1G)  0.4971  9JSOi8 

"       •'      "          "       C— I,  (-    —    0.3183)  9J028  0.4971 

Solidity  of  sphere  wheoff—l,  (|:.—   4.1888)  0.G221  9.3779 

"        ••      '•          "      jy—l,  ("    _    0.G2aG)  9.7190  0.2810 

"        "      "          "      C— 1,  (jji-,—   0.0169)  8.2275  1.7724 

Weight  of  one  litre  of  llyflrogen  (0.0896  grammes)  8.9522      1.0478 

"       <•'..'     >'  Air  (1.293  "      )  0.1 1 16      9.8rtM 

»     ■'      "      "    "  (U.43     criths     )  1.1694       8.8406 

I'lT  cent  of  Oxygen  in  air  by  weight    (0.2.418)         9  3Gal       0.6:149 

■'       "      "Nitrogen"   "    "        "  (0.7682)         9.8855      0  1115 

Wi^an  lieight  of  Baromeler  (76  cm.)         1.8808      8.1193 

Cotfficient  of  expaiuioa  of  Air  (0.00.166)         7.5G33       2.4365 

Latent  Heat  of  Water  (T9)         1.8976      8.1024 

"      "  Free  Steam  (S37)        2.7300      7.2:i>0 

Toreduct-gp.lfSj.  to  Sp.Gr.,  or  reverse,  add  lo  log.   1.1594  or  8.B40S 

"        "      Sp.  Gr.    to.Vp.  CV., "        "         "    "   "      5.9522  or  4.0478 

"       Sp.(S«t.  tO'Sp.  <7r.,  "         "  "     ""       7.in6ora.88iS4 

"        "      grummes  to  criths,  "        "  "    "   "      1,0478  or  8.9522 
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The  nnmberiof  this  Imlex  rsfsr  W  pagu;  those  followinff  duhu  ««  refei«oce»  to 
re>ctMi»,  into  which  (lie  given  tubaunce  eaten  u  ui  important  factor. 


A. 

Acetacetic  Ether,  6T3. 
AceUl,  507. 

Acetamidc,  144.  —  446,  M9. 
Acetanilidf,  SSI, 
Acetate,  A I  Juhyde,  MT. 

Smile,  Sflfl. 
Acetic  Acid,  91,  505,  588,  573.  — 96,671, 
6T5. 

"     Aldehydu,  673. 

"     Ether,  664.-84,876. 
Acelont,  507. 
Aietoiiilrllo,  568. 
Acelonhenou*,  iBi. 
Acetvl,  — 08. 

■■'    Chlorido,— 7n,  H8. 
Acefvlene  Scrie^f  557,  658. 
Aciilily  nf  Biu'w,  UT. 
Acid  ftsdicali',  106. 

"    SflUs,  110. 
Add*,  Akohnl,  573. 

"    CIs^Ht  of  organic,  MB. 

"    Definition  of  106. 

"    Dibasic,  6T0. 

■■    Monobasic.  569. 

"  Tril>»»ic,  572. 
Aconitic  Acid,  S73. 
Acn-lio  Acid,  570.  • 

''      Serin,  570. 
Addition  ProducU,  G61. 
Adhesion,  14,  5o. 
AHinily,  Chemical,  178. 
AgalmBtoH'e,  ill. 
Asate,  536. 

Ascnts,  Kspliwive,  178. 
A  In  baiter,  m. 
Alblle,  411. 
Albnmen,  690. 

Alcohol,  113,  564,  581.  — 66, 101. 1163,  536, 
670,  671,  672,  573,  68S. 
"      Acids,  572. 
"      Classes  of,  Ki. 
"     Isn,  6;;!. 

"  Mcthv!,  501. 

"  Radicals,  B8. 

"  Secondun-,  502. 

"  Tirtian-,"5(i2. 

"  IMatomic,  560. 


Aldehyde,  563,  5«4,  567.-568,  BTO. 

Acids,  673. 
Alizarine,  687. 
Alkali,  l>etiNitinn  nl,  104. 
"      Fixed,  448. 
"      Volatile,  448. 
Alkaline  Sulphides.  318. 

'-      SulphcAvdrateH,  318. 
Allanite.  423. 

AliiiirDnisin.Ul.  — 311,  BIS,  453. 
Allvl.  103,506. 
Allylic  Ak.ihol,  566. 
Alphatoluvlic  -tcid,  882. 
Allaite,  3^7. 
Aluminales,  415. 
Aluinlnic  Acetate,  415. 

"       Chloride,  41S.  418. 

>'        Hydrate,  410,  418. 

"       Nitrate,  415. 

"       Oxide,  416. 

"       Sulphate,  41U,  414,  415. 

"        Sulphide,  417. 
Aluininile,  410. 
Alaminuni,  41fl. 

Bronie,  413. 
Alun>.<,  325,  378,  402,  411,  113. 
Alum -stone,  410. 
Al unite,  410. 
Aluni^rn,  410.  ' 

Amethval,  536. 
Amides.  444.  571. 
Amidobenzol,  584. 
Aniidn  Cnmpnunds,  584. 
Aniidogen,  67.  441. 
Amine^  443,  671. 

Ammnnia,  ibs,  441.  — 54,  56. 195. 134,  56'. 
AmmODic  Carbonates,  4+8.-835,  446. 
rhloride,  448.-56,  446. 

"        Dichromale.  401. 

"         fivdrato,  105. 

"         Nitrate,  4.39. 
Niiritc,  431. 

"        Oxalate,  617. 

•'         Silico-tluoride,  833. 

fiulphide.  316,318.-358. 

"         Sulphohydrule,  318. 
Ammonidi-s.  443. 
A(nmonin.cf>hHU  Ba"es,  373. 
Amnioaio.inagneaic  I'hosphate,  350. 
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Amnionio-TTi«n{n>i">n>  Rati*.  37T. 
AniRionio-pUitJ>ic  Chloride,  B07. 
Amnninirj-plminniu  Chloride,  608. 
Ainrnonio-pUliniiin  Bajifb,  5U8. 
A  111111(111  ia-«tiinnlc  Chloride,  ai6- 
AitimoJiium,  11^6.  446- 
Alum,  111. 
"  Bbhw,  449. 

^*  CoinpoundB,  446. 

Amp^ro'n  Law,  23. 
Anivl,  97. 

Aii^k-ime,  411,  536,  537. 
Aimlvsis,  fl. 

AiialViicsl  RmctioD,  53. 
AiiililuMie,  411. 
Andepjiic,  5^17. 
Aniilt-ite,  340. 

Aiihvdrid«,  Acid,  108.-669, 
Basic.  lOo. 
"  of  Organic  Acid«,  115. 

Anhydril*,  337. 
AniliiiP.  443,  £84. 

Aiiinml  Kinfidmn,  ProTince  of,  SBO. 
Ankirilt,  .■181. 
AniiabrTKirt,  3G3. 
Annnhile.  411.  536. 
Aniliracsne,  58ij.  587. 
Anrhmqiii  mie.  587. 
Ariiiin'Hiialt  oi  .-Vniirnony,  4G9> 
Anliniriiiic  Arid.  4U8. 

Anhydride,  480. 
■'  ('hl.iri<lf.  4fifi. 

SiilidiH.',  474. 
"  .Suiiiliocliiridi'.  460. 

AulinKmiuus  Itmmidi',  ViCi. 

i'iiliiridc.  l",'i.  —  467,  463, 
"  Hinnidv.  41)11. 

"  Hvilrnlr.  84. 

"  li^did...  IC.,\. 

(Klilr.Jlifi.—  4G.1. 
"  SLil)ih:.ii..  4«^. 

Siil|itiid.*,  4711.  — 31fi,  404,  4e5. 
AnIiiTii>iimr<'lti'i)  llvdnij:!.!!.  4ii!i. 
AtiUtroiiv,  4tKL 

■■     '    and  Aii-.h"l  [Wi.ai^  470. 

"  "    I  iiliirilli-.  4il."i, 

"  '■    T[i-drr.Krli.  4'iO. 

"  "    ll\V(;,.ji,  4lil!. 

"  "    Siifiihur.  47C. 

■'  "    Ziii<>,  471). 

"  llii[[ir  "f.  4ii5. 

r.hmc;  4';3,  4T0. 
■'  'Ixiihliiridi'uf,  405. 

Aiitozonc.  .^1:^. 
Aliiitil.'.  4811.  338, 
A|>j',hiiiti'.  411. 
Alalia  .ViuiiiKiirji,  447. 

■■     lii-t'iii.  4Jli. 
Ani^-ipiiilc,  .■1-15, 
Arp'iilic  -\r^,-riitr.  4.'ifl- 
■■       Hr.piiiidr.  3".-,. 
'■       Chl-.tiii-'.  3U5. 
■■      T"di.lr,  .(":.. 

'■       .\ilnili.,  ■■IIH.- H  50,78,447. 
"      0\i.liili.,  .'.l.V 
"      Ojiid,-,  MO,  —  41a. 


Arf>cntk  Pemxide.  305. 
"      Sulnhale,  — 76. 
"      6u1|ilule,  321. 
Arsenic,  457. 

Acid,  459. 
"        uid  Atcohnl  Radicala,  4flO. 
"  "  Chlorine,  4fH. 

"  "   Hl-dmRen.  459. 

"  ■■  Iodine;  462. 

"  "  Sulpliur,  462. 

"        Anhydndc,  459. 
"        Cnnipounds  with  Bromine,  4(9. 
ArwDide  nf  Tin,  460- 
Atveoiou)  Anhydride,  U9.  —  458. 
■>         Bromide  and  Iodide,  461. 
"         Oxide,  458. 
"         Sulpbide,  463. 
Anenitea,  458. 

AneniureHed  Hydnlgcn,  480. 
Ariiinefl.  459. 
Artiad  Elcnienlj,  SD9. 
Aniad9,  Definition  of,  81. 
Atararnite.  -359. 
Almofiplirre.  155. 
Atomicity,  8i. 

o(  Aeid^  118. 
"         Radicala,  81. 
Alomic  Ratio.  52J. 
"       Weiglit.  33,  45. 
"       Weighli,  Kelaiinn*  of.  27fl. 
"  awuraielv      riflirinilflt 

273.  ^^ 

Atonu,  Definition  nf,  34. 
"      Dominnnt,  87, 
"      Negative.  227. 

^'      Qnanlivnlciire  nf,  82. 

"      True  Idea  of.  115. 
Atnm-fixinfi  I'on-er.  80. 
Aupite.  350, 
Aiific  Sails,  426, 
Anriteniiii  Quart*,  425. 
Aiinui  ^hs.  4^, 
Axiniic.  42'J. 
Ajnbrn/ip|.  -'•84. 
AzoxilKPii7J>l,  584- 
AiuriU,  358. 

Baric  rhloride.  -139.  —  S4- 

•'     ITvdrate.  340.  —  lUS. 

"    Srirale.  33;i. 

•'    Oxide.  .WO. -54. 

•'    l^-^.l^ide.  341).  — aa2. 

"     Sulpliide,  .341). 
Bario-iilannous  Chloride.  515. 
Itarium,  339. 
Ila'^o,  Drflnitinn  i>(.  1(I4. 
ba^ic  Ferric  IIvdnKei",  388. 

-     ItadicaN-  lUC. 

'■    Salt-- 110. 
Ilasiritv  u(  Acid',  116,  MS. 
lt,.»uxf(e.  410. 
Ueaiauiidu,  102,  444. 
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Bcnioin  Acid.  SSI,  SS3. 

'■       Alcnhol,  SSi. 

"       Alilelivde,  9S1. 

"       Uiiin,  Ml. 
BtnzDl,  577.  G7fl.  SS3—tX. 
BenznphKiiuno.  bBi. 
Berthierilt.  4TJ. 
Berj'l,  41W,  53fi. 
Bcnelianile.  32S. 
Beucmer  Process,  385. 
Bbmulli.  171. 

and  Alchol  Radical*,  fri. 

"        Buic  Nitrate.  178. 

■'       Cumiiounda  wiih  Clilorine,  t7t, 

"  '■  "    Oxvgen,  «5. 

"  "  "    Sulpfiur,  *7B. 

■'        Glance,  474. 

"        MaKi-terv  of,  476. 

"        Oxichlondeof,  4T8. 
Bismuthic  CumpDunds.  47&. 
Bismulhoiin  ('unipouDds,  474,  476,  476. 
Black  Ball.  2U8. 
Blail  Fumaro,  38^1. 
Bleaching,  287.  321,  490. 
Powder,  33a. 
Blende,  .1^1. 
Bloom,  38). 
Blonnierv  Fftrgt,  383, 
Blue  Pill,  3R1. 
Blue  Vitriol.  '168. 
Boc  Ore.  .181. 
Bdiie-black,  538. 
Boraiilc,  413. 
Boralei-,  430. 
Borax,  411.-430. 
Boric  Acid.  4.W.— 109. 

"  Anlivilride,  109,229.  — 430,433. 
"  Bmriiide,  4-12. 
"  Oitoridc,  412. 
"  Fl  on  ride.  432. 
"  Siilphiclr,  i3X. 
Borofluoric  Aiid,  432. 
Boron,  429. 

BiitrioEeii,  381.  < 

Biiirnniijle,  471. 
Brai-keln,  lT«e  of,  99. 
Bni unite,  376. 
Breilhauplite.  368. 
Dricks.  412. 
BiiHiant  Verii^r.  4.>>S. 
llrilHhtiia  Mvlnt.  465,  614. 
BmclianliiF,  XM. 
IlniniJH'ii^ol.  TiTlf. 
Bromine,  2!10.  —553,  SSI. 
BrointiiliiiiL  580. 
BriHikiti'.GtI. 

Brown  Clay  lnin-»lnne.  381- 
Brown  Hematite,  381. 
Brucite.  348. 
Bninswirk  Hreen,  399. 
BuTUenile,  3il8. 
BunKnCell.  223. 
Burning,  1^5. 
Butane,  S.^7. 
Bulenc,  557. 
Butiae,  U7. 


Bntvl.  67.  5ea. 
Bulrlic  Alcohol,  (68. 

0. 

(^amxenite,  333. 
Cadinin-Zircnnic  fliuitlde,  G90. 
Cadmium,  353. 
Ciei-iuni,  300. 
Calamine,  351, 
CalcarenuA  Marl.  339. 
Calcit  Acetate,  6B7. 

"      Carbonate,  330.  — 339. 

"     Chloride,  338. 

"      Chroma  If,  40S. 

"      Fluoride,  3Ii8.  —  287,  453, 

"      Fumiate,  667. 

"      Tlvdrate.  336.  — 105, 119,  819. 

"     lfvpo»ulphite,  323. 

"      Kilrale,  3-18. 

"      Oxalate,  644- 

"      Oxide,  33S. 

"      Perexide.  337. 

"      Perculphide.  819. 

"      Phoh.priate.  337.  —  461. 

"      Silicate,  338. 

■'      Sulphale,  337.  —  ai9. 

"      Sulphide,  310. 

■'      Siiljihite,  «3I, 
Calcined  MaKneiia,  148. 
Catcite,  335, 
Calcium,  .116, 
Calomel,  3i;2. 
Cal'irifii:  liitei>f[lT.  1SI. 

Power,  lB9,  184. 
Calnrimetrr,  1S8. 
Carbolic  Acid,  680.  583. 
Carbon,  538.  —  I5A.  546. 

"       Nu(leuf>.  ,%56- 
CarboDic  Acid,  642. 

Anhvdride.  641.  — 644. 
rtioxirte.  641, 
"         Monoxide,  842. 

Sulphide,  546. —  560. 
Carbonvl.  67.  646. 
Carboxvl,  6«8.  680. 
Carnal  I  lie,  300. 
Camrlian.  626. 
Camp's  Appatalaa,  449. 
Cniwiterile,  614. 
Cauolic  Potash.  300. 

■'       Soda,  WS. 
Celeitine.  3-19. 
Cvnienialicin,  36B. 
Cerite,  423, 
Cerium.  423. 
Oruaile,  340. 
Cervantile.  460. 
Chabaiite.  411. 
Chain*,  Closed,  677,  BT9. 

'•       Open.  S.W. 
Chalco«tiliite.  472. 
Chalootricliite.  357. 
Chalcedonv,  MB. 
Chalk.  33J. 
Cluinieleou  M  ineial,  379. 
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Charcot],  G38. 

'■         Auimal,  OS. 
Chemical  AAimlv,  I7S. 

aia>.Bi,  Ch«r»cttriiliciof,3,151. 
"       Pruce»e»,  10. 
Chwniatry,  Dafinilion  or,  3. 

Phyaiologiul,  588. 
Chili  Saltpetre,  299. 
Ch  inn  tine.  688. 
Chblile,  -ilO. 
Chloanlliite,  369. 
(.■hhiracetic  AiJd.  85. 
Clilurhvdrines,  403,  559. 
Chlciriu  Acid.  38», 

■•       Penixide,  989. 
Chlorine,  287.-288,  432,  Ut,  838.  401, 
S3;l,  549,  Gii3. 
"        Campnuuds  wiili  Oxygta,  289. 
Chlorile,  3r>D,  412. 
Chlorimplithaliiie,  587- 
Chluruthromiu  Anhydride,  106.  ~40L 

Oxide,  408. 
ChU.rofurm,  —  66.  79. 
Cbluruui  Acid,  289. 

Aniivdride,  389. 
Choke- Damp,  S4l. 
Chr<>mat«H,  404. 
ChiDinalic  Spectrs,  191, 
Chrome  Alum,  4U2. 
"       Green,  401,  405. 
"       Iron,  4U0. 
"       OruHRi,  405. 
"       Vi-lluw,  405. 
Chromic  A»Iivdri<lo,  406. 
"        Chli.Tlivdrinc",  403. 
■'        rhli.riiic.  41)3. 
'■        FliuTJdi',  4(W. 
"        llvdmle-,  402.  —  105, 
'•       Niiniii-,  4a(. 
'■        Osiihiu-.  402. 

Oxidrs  mi. 
"        .Siiliilrai,.,,  402. 
'•        Sirliiliidi'«,  407. 
rimniiitr,  JiHl. 

nininii 4110. 

(hnimtjn-  rlilnriili',  400, 
llv.lr.itc,  401. 
rhrv-.il.in  I.' 420. 
Clin -'i.liti-',  .TiD. 
<'iFin;l)iiir.  :H'.n. 
Cinininilr  Aiid.  rt^2. 
Cilrsironir  Aci,l,  ',7], 
C'ilri.-  Aiiil,  572,  .'j73. 
(.'Iiis^irituliiin,  Clii.Tiiii-al,  2111. 
Criniii.l-  iif,  2(14. 
"  Si-l|[-nii>  of.  2l>l>. 

Clnv  lriPTi.ilnm.,  .'m). 
*\.iy:  411. 
t'l.nvn^.,  2.'i!l. 

"        Kminenl,  239. 
Cnal.  S.18. 

'■      Tar.  STT. 
Cu'kiIi,  ;17(I. 

■'       .Vnimniiin-lta^p'',  372. 
"       ii'iil  l»xi-;^i'n,  371. 
"       Uluuiii,  ll7ll. 


Cobalt  TitrM,  STO. 
Cobalticyaiudes,  BT3. 
Cobaltine.  370. 
Coefficient  of  Expanaion,  IS, 

"  of  Auorption,  IH^ 

Coheaion,  14.  —  U. 
Colic,  539. 
Colcotbar,  390. 
Colloidi,  152. 
Color,  190. 
Columbite,  49S. 
Columbiuin,  40fi. 

Componiida  ol,  W5;  488. 
Combuition,  155. 

Heat  or,  158. 
Common  Salt,  997. 
Compound,  I>elinitian  of,  T,  10. 

Radicals,  57.  108. 
CompoundK,  ClauM  of,  82,  1U3,  US. 
Conine,  460. 
Cnpispite,  381. 
Cupper,  366. 

''       Ammonialed  Cotnjpoandf,  S59. 
"        Compound)  with  Oxygen,  338. 
"       Fluohydrate,  359. 
"       Glance,  350. 
"        PvTilea,  358,  349. 
"        Salts.  358. 
Coquimbite.  381. 
Comwive  Sulilimatc,  363. 
Curniidiim,  410. 
Covelliue.  35U. 

Cream  uf  Tartar,  300.  —  9SS,  W7. 
Crilh,  a. 
f  rocoiic,  400. 
Crw-ni  Mnrlifl.  .190. 
Crvnlile.  287,  410. 
Cryjtalline  Axef,  245. 
Korni,  214. 
"  "       Identity  of,  253. 

"  Structure.  209. 

"  Kymniclry.  244. 

"  Svfltein^,  245. 

Cry!(Blloid»,"l.-i2.    , 
Cryr'luli,  liTci;nlaritie«  "f.  2.'iS. 
"        MiHlitiuatiuna  an,  250. 
"        T'viii,  2.17. 
Cuminic  Atiil.  081. 

•■       AMvhvdc.  581. 
Cum V lie  Alcnhol,  581. 
(.'uiK'Hafinn,  .'HI4. 
Cupric  (' irl-naies.  .W8. 
■'       ChturidL....  a.W. 
'■       Ilvdridv,  359. 
"       Kltratw.  359. 
"       Oxide,  357. —  108. 
■'       Oxichlnridi-.  359. 
"       PhiBphale.  359. 
"       Sili.'nlP.  351). 
■'       Silicii-tiuiiriilr,  53-1. 
"       SnliUiate,  358.  —  73. 
"       Snlphid.':..  3.-|!l. 
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"  "        Oipotusio.  3a». 

SiiljiliiJe,  390.  — 318. 
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Hyrlroi'flrlxm  K-idieHl^.  657. 
Hydrocarbons,  550,  577. 
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Hydrogen  ium,  505. 
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Lactmelfaaiie,  445. 

lactone,  673. 
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Lime,  338.  —  104. 

"      Chloride  of,  336. 
Liomloiie,  336. 
Lime- Water,  336. 
Limnite,  381. 
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LinnKile,  3T0. 
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"        Oxide,  348. 
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